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PREFACE. 



The lectures composing this book were originally 

a 

delivered to a mixed class of medical men, and ad- 
vanced students, over a period of ten years, and after- 
wards published in detached portions, and at varying 
intervals, in the Medical Times and Gazette* Two of 
them only (Diabetes and Albuminuria) were sub- 
sequently reproduced separately. 

The favourable manner in which the course was 
received, both by the gentlemen who honoured the 
class-room with their presence, and by the profession 
generally, when it had assumed the printed form, 
has induced the author to think that as he has now 
ceased giving oral instruction, th6 re-pnblication of the 
revised and enlarged lectures, in a single volume, may 
not be entirely unacceptable to the younger members 
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of the profession; seeing tliat as yet the facilities 
for the study of Physiological and Pathological 
Chemistry, as applied to the Diagnosis and Treat- 
ment of Constitutional as well as Local Diseases, are 
but very imperfectly provided for them in the 
majoiity of our medical schools — a circumstance 
which every enlightened practitioner of medicine 
cannot fail to deplore ; for, as was aptly stated in one 
of the annual editorial addresses to students (a)— 
"Chemistry has become a very important hand-maid 
to medicine, since there are few forms of disease to the 
diagnosis and treatment of which it may not in some 
way be made subservient ; whilst for the due investiga- 
tion of others, as the entire class of urinary affections, 
it is absolutely indispensable." 

25, Hablet Stbbbt, Cavendish Squabb, W. 



(a) IiOAcet, Tol. ii., p. S3d^ Stttdents' Number for 1808. 
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• ms UIHNE AND ITS DERANGEMENTS 

▲8 AN AID TO TSB 

DIAGNOSIS AND TREATMENT OF 
OONBTtrUTIONAL, 40 iiniLL as LOC^O^ DISEASES. 



Iif beginning a course of lectures t>n the urine, intendii as an 
aid to the diagnosis and treatment of disease, the first question 
requiring an immediate answer is : — 

What is XJbinb^ 

Urine is nothing more nor less than a collection of- the 
liquid and solid effete products of the f^ame, and its composi- 
tion fluctuates in exact proportion as the processes of life 
fluctuate. 

Consequently, it differs very materially in different species 
of animals, and eyen varies with the varying conditions of the 
same animal. 

The state of the urine haS) with justice, long been regarded 
as a key to the condition of the hod% ; and hence we find that 
the Physicians of antiquity, like Ckose of modem times, sought 
in the composition of the urine of their patients, a clue to the 
nature of the diseases under which they laboured, an index to 

4 

their prognosis^ and a guide to their successful treatment. 

It is true that uroscopic charlatanism has, more or less, in 
all ages, laid human credulity under contribution, and thereby 
brought discredit upon, and retarded the advance of legitimate 

B 
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3 Vhat is ubine? 

science ; b^t this must qqI deter the honest Pxactitioner from 
reaping the advantages which a knowledge of this secretion 
afford^. 

An examination of the urine not only enables us to arrive 
H a correct diagnosis of diseases attacking the urinary organs 
themselyes, but in many cases yields most important informa- 
tion regarding the nature of morbid changes occurring in other 
and distant parts of the frame. One n^st not, however, be 
led away with the idea that the urine is the X^Dyal road to 
knowledge, or h^ will be doomed to disappointment; nor 
must we flatter ourselves that its study is an easy one, 
requiring neither previous preparation nor subsequent ap-- 
plicatiqp ; for on the contra^, in order to make urology bear 
fiuit, we require to employ in its cultivation both perseverance 
and skill. 

It i» not a little {emarkable that this secretion^ which 
inspires most of us with a fteeling of aversion, should not only 
havQ rendered incalculabl&Aervice to clinical Medicine, and 
yielded brilliant discovaries to chemistry, but also solved many 
of the most abstruse problems in physiology. Notwithstand- 
ing all this, it has not done nearly as much as it might have 
done, nor as it ought to have done ; but this is owing to no 
defect on its side, but in consequence of its votaries having 
always been too eager to profit by its pathology ere they had 
mastered the first rudinnents of its physiology. 

In fact, until within t]^e l^^t year or two, men have been 
constanUy attempting to pUce^ as it were, the pyramid of 
Medical science on its apax instead of on its base, and the 
result has naturally been that they reaped little benefit from 
their labours. It seems, indeed, as if they were only now 
becoming alive to the all-important fact, that physiologyis 
the only true basis of rational Medicine, and that in direct pro- 
portion as they adopt its principles will be the success of their 
labours in advancing the healing art. Such being the views 
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now held by the pioneers of clinical Medicine in all countries, 
you "will readily understand why, before entering on the 
pathology of the urine, I first try to give you a succinct 
account of its physiology. 

It has been said that urine is nothing more than a collection 
of the effete products of the frame, and, consequently, that it 
differs in different species of animals. If we cast our eyes 
over the whole animal economy, we shall discover that all 
urines are not necessarily liquid ; on the contrary, we shall 
find that there are many species of animals that pass solid 
urine ; and thus at the very threshold of our inquiry we per- 
ceive this secretion naturally dividing itself into two great 
classes — ^the solid and the liquid urines. 

Solid Ubixe. 

In all animals devoid of a urinary bladder, and in 
which the ureters open into the rectum, the urine is solid. 
Thus, for example, the urine of serpents is passed in a com^ 
pact mass, varying, with the size of the animal, from that 
of a pea to that of an orange. Yet, notwithstanding the 
pecTiliar appearance of this specimen of urine from the boa 
constrictor, it differs from liquid urine in only one particular 
— the absence of water. By the simple addition of distilled 
water to it I can produce as perfect a urine as that of the human 
being ; for, solid though it be, it contains all the urinary ingre- 
dients, — urea, uric acid, phosphates, etc. Hare, for example, 
are two spatulas, on one of which I place a fragment of 
serpent's urine, and on the other, some of the solids from 
evaporated human urine ; to each is added a couple of drops 
of strong nitric acid, and you observe that both effervesce. I 
now heat them over the flame of the spirit-lamp in order to 
drive away the excess of acid, and to their yellow-coloured 
residues add a drop of strong liquor ammonia, when instantly^ 
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you perceive, both, assume a magnificent purple tint. This 
colour is due to the presence of purpurate of ammonia, pro- 
duced by the action of the reagents on the uric acid contained 
in the iirines. You observe, too, that the urine of the snake 
— ^for it has become much more crimson than the other — 
appears to be the richest in that material. The uric acid of 
commerce is indeed almost entirely obtained from serpent's 
urine ; consequently, these excrementitious masses sometimes 
cost as much as thirty shillings per pound. 

Hitherto in these lectures I have generally said that all 
reptiles have solid urines ; but, as this has occasionally led 
my hearers into a mistake, from the fact that, in common 
language, frogs and toads axe reptiles, while, scientifically 
speaking, they do not belong to the class Reptilia, I must 
mention that these animals have distinct \mnary bladders, 
and possess liquid urines. Frog's urine, for example, is a 
clear, transparent liquid, containing urea, phosphate of lime, 
chloride of sodium, and other urinary ingredients, just like 
human urine. The true reptile, on the other hand, has 
always a solid urine. Thus it is that the chameleon, which, 
like the serpent, is a true reptile, passes excrements containing 
urates, oxalates, phosphates, and, according to Kletzinsky, 
even xanthic oxide,— one of the rare urinary substances. Do 
not for a moment imagine, however, that solid urine is one of 
the characteristics of the lower animal. On the contrary, we 
meet with it even in the higher classes. Birds have solid 
urines. Guano — the excrement of the sea-fowl ~ is in great 
part urine, and besides the principle, guanine, contains urate 
of ammonia, oxalate of lime, and ammoniaco-magnesian 
phosphates. 

Again, we find solid urines throughout the whole insect 
tribe. The red excrements of the butterfly contain both 

urates, phosphates, and oxalates ; and so it is with the excre- 
ments of all other species of insects. We see, then, as was 
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before said, that the only difference between the solid and the 
liquid urines is in the absence of water. 

Liquid Ueinb. 

Haying made these remarks on solid, we shall now 
inquire into the nature of the liquid urines. The liquid 
urines axe found throughout the whole class Mammalia^ 
and present three such well-marked varieties, both as regards 
physical appearance and chemical composition, that it may be 
said they naturally divide themselves, according to the species 
of animal, into the three separate groups of carnivorous, 
herbivorous, and omnivorous urines. 

The urine of the first class (camivora) is characterised as 
being a clear, transparent, light-coloured liquid, possessing an 
acid reaction, and rarely depositing anything on cooling. 

The urine of the second class (herbivora), on the other 
hand, is recognised as being a dark-coloured liquid, with a 
strongly alkaline reaction, and depositing a copious sedimen 
within twenty-four hours after being passed. 

The urine of the third class (omnivora) lies, as it were, 
between the two. It is clear, slightly acid, somewhat darker 
in colour than that of the camivora, but considerably paler 
than that of the herbivora, and only occasionally deposits a 
sediment on cooling. 

In chemical constitution ^hese urines present as marked 
features of difference as they do in physical appearance. 
Thus, for example, while uric acid (Fig. 1), a beautiful crys- 
talline body, exists in the urine of the camivora, it is entirely 
wanting in that of the herbivora. 

The urine of the herbivora, on the other hand, contains, in 
its stead, a quantity of a totally distinct organic acid, namely, 
hippuric, which not only differs in chemical composition, but 
also in crystalline form (Fig. 2). The urine of the omnivora 



6 



URIKE OF DIPFEKENT AlOMALS. 



is again found to stand between the two, and contains a portion 
of uric as well as hippuric acid. 

Even in the nature of their inorganic ingredients, these 
urines differ materially ; for, while both alkaline and earthy 

Fig. I. 




Fio. 1.— Uric acid from human iirine, magnified 350 di«metera. 
phosphates are abundant in the urine of the camivora, they 
are entirely absent from that of the herbivora, — their 
place being there supplied by alkaline and earthy carbonates. 
Here the urine of the omnivora still occupies the medium 
position, and claims a share of both. 

Haying now seen that the urine varies in the different spe- 
cies of animals, we are in a measure prepared to consider how 
and why it should yary at different times in the same animal. 
The variations both as regards quantity and quality we shall 
find to depend upon the state of the body, the kind of food 
and drink, the amoTint of exercise, the climate, and an in- 
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finite nnmber of minor causes, the influence of which will 
afterwards appear* 

Fio. 2. 




Fio. 2. — Hippuric ncid hx>m human urine, magnified 80 diameters. 

As it is with the diseases of man alone that we haye to do, 
we must now direct our attention specially to 



Human TJ&ine. 

The most readily observable properties of the human urine 
are — ^its colour, smell, taste, reaction, and specific gravity. 

The Colour of the Human Urine, — The colour may be said 
to be quite characteristic, as no other animal liquid possesses 
a similar one. In health, it fluctuates between a pale straw 
and a brownish-yellow tint. It is due to the existence of a 
peculiar pigment — urohaymatin —and upon the relative pro- 
portion of this colouring matter and the water do all the 
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yarjing tints of the healthy urine depend. Consequently^ you 
now observe that I artificially produce from this intensely- 
coloured urine each of the different normal shades by the 
simple addition of pure water. Hence, we find that, so long 
as the body remains in health, the larger the quantity of 
urine daily excreted, the paler the tint ; the less the amount, 
the higher the colour. 

Although, as I shall afterwards have occasion to show you, 
normally- coloured urine does not necessarily exclude the 
possibility of disease, yet it is in general the presence of 
orange, red, brown, black, green, or blue urine that indicates 
the existence of the grayer maladies. Still, eyen the presence 
of high-coloured urine, when an average amount is passed, is 
a sign which ought never to be lost sight of, as it invariably 
indicates the existence of a pathological condition of system. 
The import of this, like that of the other tints, will afterwards 
occupy our attention ; meanwhile we must pass on to the con- 
sideration of the next physical condition of normal urine, 
namely : — 

The Smell of the Urine. — Immediately after being passed 
from the bladder human urine has a mawkish aromatic odour. 
The smell of the urine is in general quite characteristic of the 
species of animal. All of you are acquainted with the smell 
of cat's urine, and I dare say most of you are equally fftTnilinr 
vnth the pecidiar odour of the iirine of the horse and cow. 
The urine in general smells like the fat of the animal ; sheep's 
urine, for example, smells exactly like mutton suet. Many 
foods and drinks transmit to the urine their peculiar odour. 
To such an extent, too, may this be the case, that one is occa- 
sionally able, from the smell of the urine alone, to tell the 
kind of solid or liquid of which the patient has partaken. 
Thus, turpentine, copaiba, garlic, and many other aromatic 
substances, may be recognised in the urine. All of you must 
have observed what a strong odour asparagus imparts to the 
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renal secretion. It not unfrequently happens that the mere 
breathing of odoriferous substances communicates their cha- 
racteristic aroma to the urine ; and the more delicate the 
indiyidual, the more marked is this effect. The abnormal 
odours of the urine, such as we meet with injaiindice, Bright's 
disease, diabetes, etc., will each occupy our attention in its 
appropriate place. 

T?ie Taste of the Urine, — The taste of normal urine is 
saltish bitter, but the flayour yaries very much in disease, 
being sometimes as sweet as honey — in diabetes ; and at other 
times as bitter as gall — in icterus. In cases of urgent neces- 
sity, where the urine has been used as drink, it is said greatly 
to increase the thirst. Holwell, when confined in the black- 
hole at Calcutta, found the thirst, which proved so fatal to 
many, relieved by sucking his perspiration, but not by drink- 
ing his urine. 

The Reaction of Human Urine, — When freshly passed the 
urine is slightly acid, the acidity becoming more marked 
during the first hour or two. According to Dr. Bence Jones 
it is neutral, or even alkaline, immediately after taking food, 
again gradually becoming more and more acid up to the time 
of the next meal. Although I have been unable to verify this 
statement on perfectly healthy individuals, I see nothing im- 
probable in it, if the person experimented upon has partaken 
largely of vegetable food. The urine of dogs fed on fi.esh is 
acid, but if the animals are fed for several days on vegetable 
diet it becomes alkaline. The urine of rabbits, on the other 
hand, is normally alkaline ; but if animal food be forced upon 
them, or better still, if for a time they receive no food at all, 
and are consequently obliged to live upon their own tissues, 
the urine becomes acid, and at the same time assumes many 
of the other characteristics of the carnivorous animal. It is» 
therefore, highly probable that diet will, in a similar way, 
influence the reaction of the human urine. It may be laid 
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down as a rule, however, that if the iirine of a person living 
on mixed diet becomes alkaline in less thAn twenty-four hours 
after being passed, there exists some disease, either of the 
general system or of the urinary organs, which demands im- 
mediate attention. 

It must not be forgotten that many medicines — alkaline 
carbonates, for example— as well as alkaline citrates, tartrates, 
and acetates, which are converted, in their passage through 
the body, into carbonates, cause even the urine of healthy 
individuals to become for a time alkaline. 

The acidity of normal urine depends on the united presence 
of acid phosphate of soda, uric, (a) hippuric, and lactic acids. 
Neither the hydrochloric nor sulphuric acids, which, as will 
afterwards be seen, are always present in normal unne, have any 
share in producing the acidity, for they are both combined with 
bases in the form of neutral salts. After standing for a greater 
or lesser time, all urines become alkaline. This arises from 
the urea being decomposed into the carbonate of ammonia, in 
consequence of a putrefactive fermentation being induced by 
the presence of such animal matters as mucus from the 
bladder and urinary passages. The carbonate of ammonia is 
a strongly alkaline salt ; so alkaline, iudeed, that putrid urine 
was at one time in great request for the purpose of removing 
grease from cloth. This property the urine entirely owes to 
the presence of the carbonate of ammonia, which unites with 
the fatty matters of the doth, and forms an alkaline soap, 
readily removable by washing. The peculiar odour, so 
characteristic of putrid urine, is also chiefly due to the 
carbonate of ammonia derived from the decomposed urea. 

It occasionally happens that this decomposition occurs 

(a) Some have thought that all the iiric acid is united with part of the 
soda, of what would otherwiBe have been the neutral phosphate of soda ; 
but this is an error, as is seen by the fact, that in the most naturally acid 
urines the uric acid is invariably found in a free state, as is proved by its 
spontaneously crystallising when the urine oooLs. 
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within the frame ; and hence in certain diseased states of the 
bladder and urinary passages the urine is alkaline at the 
moment of being voided, while in certain others of the 
general system it becomes so very shortly after being passed. 

The reaction of the urine is most readily ascertained with 
litmus paper. Some recommend neutral paper for this pur- 
pose, as one kind does for both acid and alkaline urine ; but, 
as you now see, the change produced in the neutral paper is 
very slight, whereas with the more intensely coloured papers, 
one of which, as you perceive, is of a distinct blue, while the 
other is as evidently red, no difficulty can possibly arise. The 
blue paper I dip into this dog's urine, the acidity of which 
instantly turns it red ; while the red paper I dip into the 
alkaline urine of the horse, and, as you observe, it is as rapidly 
changed to blue. Soft papers are usually more sensitive thanhard. 

When it is deemed desirable to ascertain the exact amount 
of free acid daily excreted, a standard solution of caustic soda 
is employed of such strength, that one cubic centimetre neu- 
tralises ten milligrammes of dry oxalic acid. This solution is 
gradually added to a given quantity of urine imtil the acid 
reaction disappears, and the calculation for the whole quantity 
passed in the twenty-four hours made accordingly, (a) It has 
been ascertained that healthy adults daily pass, on an average, 
an amount of free acid equal to about 1*7 grammes (27 grains) 
of dry oxalic acid. 

This mode of estimating the amount of free acid present in 
urine is tmfortunately too troublesome to admit of its beiog 
generally employed at the bedside, so that we ire forced to 
guess at the acidity of the secretion from the intensity of the 
stain it produces on litmus paper. 

It occasionally happens that the urine is recognised as being 
abnormally acid from the presence of brownish-red crystals of 

(a) The mode of preparing and employing this solution will occupy our 
attention on a future occasion. 



12 SPECIFIC GRAVITY 

uric acid on the bottom and sides of the chamber-yessel ; for 
free uric acid never crystallises spontaneously, except in cases 
where the urine contains an excess of acid, as, for example, in 
febrile and inflammatory affections, especially those in which 
the liyer, heart, or lungs are implicated. 

Thb Specific GaAviTT op Human TJkinb. 

The specific gravity of healthy urine ranges between 1002 
(after drinking) and 1030 (after food), pure water being 1000. 
It is never lighter than water. In disease its density may be 
as high as 1060. The variations in the specific gravity of the 
healthy secretion depend upon the quantity of solids it con- 
tains, and that again varies with the time of the day, the 
constitution of the individual, the food and drink, and the 
amount of exercise taken. The urine that is passed imme- 
diately after drinking, and hence called " urina potus," is pale- 
coloured, faintly acid, and of low specific gravity (1002 to 
1015). That passed in the morning, after sleep, and named 
*< urina sanguinis," from being supposed to come directly 
from the blood, is darker in colour, of a more acid reaction, 
and a higher specific gravity (1015 to 1020) ; while that voided 
some hours after food, and named, accordingly, " urina cibi," 
although having a stUl higher specific gravity than the last 
(1020 to 1030), is neither so dark in colour nor so acid in 
reaction as the morning's urine. 

Seeing that the different urines voided at different times 
throughout the day vary so much in specific gravity, it is 
easily iinderstood how dangerous it must be to draw any con- 
clusions from observations made on only one of them, and 
proves the necessity of collecting the whole urine passed 
during the twenty-four hours, and estimating the specific 
gravity therefrom. When such is done, it is found that the 
average specific gravity varies in health from 1015 to 1025 ; 
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pregnancy being the only exception to this rule. In it, and 
more especially during the latter months, the ayerage specific 
gravity may reach as high as 1033, and yet the indiyidual be 
in the enjoyment of the most perfect health. I have even 
noticed that of the urina sanguinis in such cases as much as 
1030. Were such changes as these observed in a non-preg- 
nant female, they would infallibly point to an abnormal con- 
dition of system, such as the existence of febrile or inflam- 
matory disease. In pneumonia and pleurisy the specific 
gravity of the urine is often as high as 1035, and in fever it 
has even been noticed to reach 1038. On the other hand, 
when the average specific gravity is abnormally low (less than 
1015), we may with equal safety suspect the presence of some 
exhausting non-inflammatory complaint, such, for example, as 
Bright's disease, in which it may be as low as 1008, or as 
cholera, where it has been known to fall even to 1006. It 
may be stated as a rule, that the lower the specific gravity in 
these affections, the more unfavourable is the prognosis ; the 
higher the specific gravity, the less dangerous the case, (a) 
The specific gravity of urine is estimated in three diflerent 
ways. First, by means of density beads (Fig. 3, a), such as 
were formerly used in ascertaining the specific gravity of 
spirit. 

These beads are gradually dropped into the xame until one 
sinks to the bottom of the vessel, when, by reading ofi" the 
number on the last bead that floated, the specific gravity of 
the liquid is ascertained. In the urine glass (b), bead 20, being 
too heavy, has sunk to the bottom, while bead 15 is floating 
at the top. The specific gravity of the liquid is, therefore, 
1015. This method is open to two objections : — 1st. It does 
not come nearer than five degrees, for the beads are numbered 
5, 10, 15, 20, 25, etc. ; and 2nd. It is exceedingly tedious in 
its mode of employment. 

(a) The exceptions to this rule will afterwards be pointed out. 



The MCimd method of ascectftining the speeifie gravity ie by 
what u coUed a urinometer (Fig. 3, c)— a i 




little iiutTument, conMating of a blown glsM float, e 
bulb w^hted with mercury, and a graduated stem. All that 
is required with thla insttumeot h, to pop it into the urine, 
and read off the number which happens to be on a level with 
the surface of the liquid. If it chance to he 16 (Fig. 3, d), 
then the urinehaa a specific gravity of ID15. If, on theothei 
hand, the instrument ia high in the liquid, and the reading is 
at 30, the urine is proportionally heavy, the d^isity beii^ 1030. 
Although this instrument does admirably for clinical pur- 
poses, it is not sufficiently exact for scientiflc research ; 
accordingly, when we desire to make scientific observationB, 
we use apicknometer (Fig. 3, e), which, as shown in the wood- 
cut, is a, small bottle, with a long stopper perforated by a 
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capillary tube. When the stopper is accurately adjusted, the 
bottle holds exactly 20 c.c. of distilled water. To ascertain 
the specific gravity of the urine by its means, the bottle is filled 
to overflowing, accurately stoppered, wiped dry, and weighed ; 
and the difference between its weight when filled with dis- 
tilled water and with urine indicates the specific frayity. 
Por example, suppose the urine weighs 20*3 grammes, (c) 
while distilled water weighs only 20 gtammes, the calculation 
would be to multiply the 20*3 by 1000, and divide by 20. 

20-3 X 1000 

- = 1015 

20 

Or simply multiply the decimal by 5, and the result is the 
last two figures of the specific gravity, 3 x 6 = 15. 

The Temperature of the Urine, — Pati^ts frequently say 
their urine scalds them, and this has led to the idea that 
the urine is hot ; whereas its temperature, even at the moment 
of being passed, is never higher than the temperature of the 
body. The urine, in reality, receives its heat from the body ; 
and, as the material warmed can in no case be hotter than the 
material which warms, the urine cannot possibly have a 
higher temperature than the frame. When patients cormplain 
of the urine scalding them, we may be assured of one of two 
things, either that the canal, or part of the canal, is in a state 
of infiammation, and has, consequently, its sensibility in- 
creased ; or, that the urine possesses more than its usual 
degree of acrimony. The normal temperature of freshly- 
passed urine is about 99° P. ; but in cases of acute rheumatism, 
pneumouia, scarlet fever, and such other diseases as raise 
abnormally the bodily temperature, the urine participates in 
the change, and its temperature may reach as high as 109**, in 
the coma of sunstroke, or even 112 5° P. in idiopathic tetanus. 
On the other hand, it may fall as low as 79°, in tubercular 
meningitis, or even 77° F. in mania jusi before death. 

(c) Calculated in grammea or grains, the reault is precisely the same. 
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QUAITTTTT OF UsnTB. 

The amount of watet expelled from the body variea ex- 
cfedingly, not oAly as regards the relative quantity voided at 
each micturition, but also as regards the absolute amount 
passed in the twenty-four hours. From what has been pre- 
TioQSly%aid with regard to the different kinds of urine passed 
in the day, one can easily see the absolute necessity of collect- 
ing all the urine mad* by the patient during twenty-four 
hours, a^ analysing a sample taken from the whole. For- 

■ 

merly, the constituents of the urine were reckoned at so much 
per cent. ; but subsequent research having shown that such 
a mode of analysis gave rise to most erroneous data, it has 
been thrown aside as worse than useless. 

Indeed, when making a study of any particular disease, 
the mere calculatAg the quantity of urine passed in a 
single day is not sufficient, for, as will be immediately 
seen, there are many things which accidentally influence 
the quantity. In order to be exact, the urine should be 
collected and measured during at least two, if not four, con- 
i^cutive days, and the average for the twenty>four hours, 
calculated. Some writers (Yogel and Keubauer), think it 
advisable to measure the hourly excretion ; but this can scarcely 
be done except in Hospitals, and fortimately for those in 
private practice, there is no necessity for such measurements. 

If we merely wish to ascertain the presence or absence of 
any particular substance, such, for instance, as albumen or 
sugar, testing any of the urines passed during the twenty-four 
hours, is in general sufficient for the purpose. It is usually 
recommended in books to examine the morning's urine 
(urina sanguinis). This recommendation, however, is not 
unlikely to lead to error, and that, too, in the very cases 
where it is of the utmost importance to avoid it, namely, in 
those where the disease is in its early stage, and, consequently, 
where but little of the abnormal substance is present in the 
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urine. In such cases, it is much better to employ tlie urina 
cibi (that passed from three to four hours after dinner is the 
best), as it invariably contains the greatest amount of eithei 
of these foreign substsitces. The reason of this I eball sub- 
sequently expluQ. 

In all cases where we desire to malie a guantltire anAljvia 
of any of the uiinary constituenta, healthy or morbid, -we 
must not only have a sample of the twenty-four hoim uiine, 
but at the same time be aware of the absolute qmtntity that has 
heenpassed. Forthis purpose thecollectedurinemaybe either 
Fia. 4. 




carefully measured iu en ordinary ounce measure, and the 
number of cubic centimetres calculated therefrom, (b) or still 

(b) Tbe French measures are, when once leHmsd, Boverrmucbeaaisr to 
calculate tluui tbe Euglleb. that tiie; are nov belli; ^eaeislly adopted. 
1 ounce a 31 cubic centlmetree ; 1 c- c or 1 ([imDiiie » lEi^ grains of 
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better, the urine may be measured in a glass jar, Fig. 4 (a)» 
or Fig. 4 (b), graduated in cubic centimetres, and the quan- 
tity thus at once exactly ascertained. 

As there are certain physiological as well as pathological 
conditions which influence the amount of water voided during 
the twenty-four hours, it is necessary that I should at once 
make you acquainted with the physiological conditions on 
which the quantity and quality of the urine depends. These 
are the drink, the kind of food, the state of the cutaneous and 
pulmonary exhalations, the length of time the urine is retained 
in the bladder, the condition of the stools, the sex, the age of 
the individual, and the influence of remedies. 

1st. Aa regards the Influence of the Drink on the Amount of 
Urine. — ^The quanity of urine passed during twenty-four hours 
is generally, though not always, in excess of the fluid ingesta. 
Booker foimd that when he drank 1260 c. c. (40^ oz.) his 
urine amounted to 2621 c. c. (84| oz.), and when he drank 
3360 (108| oz.) it reached the large amoimt of 4994 c. c. 
(161 oz.) in the twenty-four hours. In each case you observe 
the quantity of water ejected is considerably above the 
amount of 4rink taken. Professor Yogel made some interest- 
ing observations on this point. He daily weighed the food 
and drink of a person during 189 days, and found, as a rule, 
that the kidneys gave off from ^ to ^q niore water than the 
fluid drunk ; (c) but it occasionally happened that only | of 
the liquid taken was thrown off by the kidneys. The more 
active the skin, cateris paribus, the less water is excreted by 
the kidneys. Whenever the quantity of drink is diminished, 
the amoimt of urine passed is correspondingly decreased. We 
next come to the important question of 

2nd. The Influence of Food upon the Amount of the Urine, 

(c) The largest quantity was passed after a cold bath, in consequence of 
the combined effects of absorption of water and suppressed transpiration. 
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— ^This is not so easily understood as the influence of drink ; 
it is, however, quite as remarkable. Various experiments 
have been made on this point, but I think the most interesting 
are those of Lehmann. They were made during the summer 
months, when the amount of water is much less than in winter, 
and the effect of different kinds of food was as follows: — 
While taking 1233 grms. (39*79 oz.) of animal food (eggs), the 
daily amount of urine excreted was 1202*5 c. c. (38*79 oz.) 
When living on vegetable food, which was certainly taken 
in larger quantity than the animal food, he passed only 
909 c. c. (29*3 oz.) of urine. Lastly, when a mixed diet was 
taken, the amount of the urine stood between the two cited 
examples. This influence of food over the daily quantity of 
urine seems to depend chiefly on one of its elements, namely, 
the nitrogen, (d) 

For example. Bidder and Schmidt found that a cat fed on 
animal food passed 46^ c. c. (1*46 oz.) of urine for every pound 
of its weight. Valentin ascertained that a horse fed on com 
and hay passed only 6 c. c. (0*19 oz.) of urine for every pound 
of its weight (e) ; and I ascertained that a man on a mixed 
diet passed, on an average, 14 c. c. (0*45 oz.) for every pound 
of his weight ; so here we see that, even in different species 
of animals, the rule regarding the influence of the kind of 
food over the daily quantity of urine, still holds good. Another 
equally interesting fact is, that it is not only the quality of 
the food, but also the quantity, that exerts an influence over 
the amount of water excreted by the kidneys. This I can 
scarcely better exemplify than by quoting the following experi- 
ment of Bidder and Schmidt : — 



(d) 100 parts of animal food contain on an average 15 per cent of 
nitrogen ; whereas the same amount of vegetable food contains only from 
2 to 5 per cent. 

(e) Vide ** Budge's Physiology," sixth edition, p 214. 



20 QUANTirr oi* ubine. 

A cat when fed upon 

Per lb. d bodily weight. 
Grammes, grains. c. c. os. 

108 « 1674 flesh, passed 91 » 2*9 of urine. 
75 - 1162 „ „ 71 =- 2-2 „ 
44 - 682 „ „ 63 » 1*7 „ 
Here the animal had drink ad libitum ; and when the water 
was removed, though still receiving 44 grammes (682 grains) 
of flesh, the urine diminished to 26 c. c. (0*83 oz.) in the twenty- 
four hours. 

Many animals on a flesh diet do not drink any water at all, 
and yet continue to pass fluid in far greater quantity than they 
can possibly receive with the food. In the winter of 1 859, 1 
kept six dogs during three months solely on animal food 
(boiled tripe), during which time, notwithstanding that they 
received no water, the average quantity of urine daily passed 
by each was 186 c. c. (6 oz.) They never appeared to be 
thirsty, and when oflered water refused to drink it. Here we 
have another illustration of the fact, that more liquid may be 
excreted by the kidneys than is taken into the stomach. From 
whence, then, does this liquid come ? The dogs just spoken 
of were kept in a cool atmosphere, and there can be no doubt 
that the fluid was absorbed by the lungs. In a hot and dry 
atmosphere, the lungs would have exhaled instead of inhaled 
moisture, and the result would have been, that the animals 
would have required water. 

3rd. Injiuetice of the Cutmieous and Pulmonary Exhalations, 
— ^The more rapid the pulmonary and cutaneous exhalations, 
the less the amount of urine excreted. Hence, we invariably 
observe that, after much exercise, the urine is scanty, dark 
coloured, and of high specific gravity. It is sometimes, 
indeed, so concentrated, after profuse perspiration, that it irri- 
tates the urethra. This counterbalancing influence of skin, 
lungs, and kidneys is of the utmost value in the treatment of 
renal disease. In acute nephritis, for example, when the sup- 
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pression of urine is the result of renal congestion, and the 
patient is too weak to stand active treatment, the simplest and 
safest way to relieve the kidneys is to induce free cutaneous 
perspiration. A hot air bath in such cases will often save 
the life of the patient. The perspiration, be it borne in mind, 
does not only carry off water, but many of the urinary solids, 
inorganic as well as organic. Normal sweat contains uric 
acid, urea, phosphates, and chlorides ; and in disease, as I 
shall afterwards show you, even the Insoluble oxalate of lime 
may be excreted by the perspiration in such quantity as to 
cover the skin with a white crystalline crust. It is, therefore, 
easy to understand how the cutaneous exhalation may replace 
for a time the renal function. 

That the influence of the pulmonary exhalation is nearly 
of equal importance, is well illustrated by the effect of a 
change of weather on the urinary excretion. All of you must 
have noticed that you pass much more urine in winter than in 
summer. In some cases, as much as double the amount of 
urine is voided in the cold as is passed in the hot season of 
the year, and this, to a certain extent, is independent of the 
cutaneous influence. The same remark is applicable to the kind 
of day : in a cold and damp day much more water is passed 
than in a warm and dry one, when the pulmonary exhalation 
is in fiill activity.. 

According to Wiederhold, (f) the lungs, like the kidneys 
and skin, excrete both organic and inorganic substances ; for, 
on collecting a large quantity of expired air, and testing it 
with suitable reagents, he found that it contained chloride of 
sodium, uric acid, urate of soda, urea, and urate of ammonia. 
4th. The quantify of Urine pctsaed also depends, to a great 
extent, upon the time it is retained in the bladder ; for, during 
its sojourn there, its aqueous particles, and, according to 

(f) Ihutiche Klinik, No. 18. 
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Kaupp (g), even many of its solids, are continaally being 
reabsorbed into the circulation. Any one can easily prove 
the first part of the proposition by making the follow- 
ing experiment upon himself. Let him resist a call to 
make water, and immediately proceed to take active exercise. 
In a very short time the inclination to micturate will pass 
away, and perhaps not return for an hour or two, when it 
will then be found that, instead of much, very little urine 
is voided, and that little is of a dark colour, and high 
specific gravity. In such a case, the water that was previously 
in the bladder must have been reabsorbed into the blood, and 
exhaled partly by the skin and partly by the lungs, and with 
it, no doubt, some of the volatile and more soluble of the 
urinary salts. 

Since physiology has shown that the quantity of fluid 
present in the blood during health varies but slightly, and 
that this is in consequence of the renal secretion fluctuating 
in direct proportion to the increase or diminution of the 
pulmonary and cutaneous exhalations, the kidneys may, with 
perfect justice, be said to be the safety valves of the system, 
as they are assuredly the most important regulators of the 
amount of fluid present in the body. 

5th. Influence of the Stools, — ^All that can be said on this point 
may be summed up in a few words. The greater the quantity 
of liquid passed from the bowels, the less is ejected from the 
bladder ; so that, in cases of diarrhoea and dysentery, patients 
void much less urine than in a state of health. 

6th. Injliience of Sex and Age, — As a rule, males pass more 

urine than females, the proportion being about, — 

Urine in Twenty-four Hours. 
Bex. 0. c. oz. c. c. os. 

Men . . . 1000 . 32 to 2000 « 64 

Women . . 800 — 26 „ 1400 = 45 

— •■ — ■ I 

(g) Kaupp found that when the urine \a retained in the bladder the 
water is taken up most readily, then the i^osphatea, the chlotidea, the 
sulphates, and, lastly, the urea.^PBrke8, p. 108.) 
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Tke influence of age is equally remarkable. Children, for 
their size (as Scherer first observed), pass luroportionally more 
water than adults. I estimated the quantity of urine passed 
during four days by a girl aged eighteen months, and her 
mother aged twenty-seven years, and the result was, that the 
child passed 13 c. c. (0*42 oz.) for every pound of her weight, 
and the mother only 8 c. c. (0*26 oz.) for every pound of hers. 

As age advances, the absolute, as well as relative, proportion 
of urine again diminishes. The amount of water passed by 
the kidneys appears, therefore, to be proportional to the meta- 
morphosis of the tissues. 

7th. The Influence of Disease and Remedies, — ^Disease greatly 
affects the quantity of the urine : in some few it is increased, 
as, for example, in polydipsia and diabetes ; in others, it is 
diminished, as in cholera, fevers, and inflammatory affections. 
Remedies have also a very powerful effect on the amount of 
water excreted by the kidneys. We all know how diuretic 
some medicines are — spiritus setheris nitrici, for example — 
while others have just the contrary effect. Mineral substances 
— such as iron and copper for instance — ^lessen the quantity of 
the urine, while cantharides and arsenic almost totally arrest 
its secretion. 

In a carefully-observed case, I saw the citrate of quinine 
and iron in the space^ of twelve days reduce the quantity of 
urine from 2325 c. c. (75 oz.) to 1860 c. c. (60 oz.) in twenty- 
four hours ; the specific gravity (1017) remaining the same. 

Again, I have noticed in the same individual the quantity 
of urine still further reduced by means of conia from 1860 c. c. 
(60 oz.) to 1240 c. c. (40 oz.) in the space of twenty-two days ; 
but in this case the specific gravity rose to 1027» as the quantity 
of water diminished. 

In another case of confirmed polydipsia occiirring in a man 
aged fifty-six, the one whose urine is now on the table, and 
which is still imder observation, the urine has diminished 
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1240 c. c. (40 oz.) in the space of six days, during which time 
the patient has been taking the ammonio-citrate of iron in con- 
junction with quassia. The exact quantities of urine passed 

by this patient arer— 

Quaatity of Urine id Specific 
Date. Twenty-four Hours. gravity. 

cc oz. 

November 16 . . 4960 = 160 1010 
November 22 . . 3720 = 120 1017 



LECTURE II. 

ON BOMB OP THE CHANGES IN THE COMPOSITION OP THE 
URINE INDUCEiy BY FOOD, DRINK, MEDICINE, AND DISEASE. 

Having seen how the quantity of liquid excreted by the 
kidneys Tories, not only relatively at each micturition, but 
absolutely, during the whole twenty-four houis, we have 
next to consider how the relative and absolute amount of 
solids excreted also vary, and to call attention to the causes 
which induce the variations. 

The solids consist of all that remains behind when the 
aqueous part of the urine is driven off by evaporation. They 
appear in the form of a brown-coloured, strongly-scented, 
bitter- tasted mass, which, on analysis, is found to be composed 
of acids and bases, organic as well as inorganic* Normal 
human urine contains the following :-— 



Inorganic 



Acids. 

(Hydrochloric. 
Sulphuric. 
Nitric. 
Carbonic. 
Phosphoric. 
VFluoric. 



Bases. 
Ammonia. 
Soda. 
Potash. 
Magnesia. 
Iron. 
Lime. 



Uric. 




Urea. 


Hippnric. 




UrohEematin 


OxaUc. 




Creatinin. 


Lactic. 




RMin. 


Malic. 




Fat 


pimrUc. 




Albumen. 


Kt^ptophan 


o.(a) 


Macw. (b) 



It was preiiouely laid, that the kidneys act the part of 
■afetj-ralTea to the Bjatem, in regulating the amojjnt of fluid 
ia the circulation ; they might with equal justice be called tbs 
" BcaTengers " of the frame, for not only do they eliminate the 
normally (/eM elementa of tbe li*Bues,but also all foreign and 
noxious raateriala that chance to have found their nay into 
the circulation. Hence it ia, that ne oceaBionally find a variety 
of aubetantw in the urine, many of which eaniiot haye played 
any part in the proceaaea of life, aa they are expelled from the 
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cinmlalion almost aa rapidly at they are 
absorbed. Ferto- cyanide of potaaaium, 
for example, has been detected in the 
urine within two minutes after it was 
taken into the atomach ; and many mine- 
ral and vegetable poisona ate to be found 
in the urine within a very brief period 
after their admiaaion into the ayatem. 

Ai regardt Stdimentt, it may be here 
Btatedi once Tor all, that no apoutaneous 
deposit takea place in normal urine within 
twenty- four hours after being voided. The 
only thing which ia at all viaible to the 
naked eye ia a small quantity of mucus, 
which appears after aLx or seven houra aa a 
white haay cloud.auapen ded (no I deposited) 

the clear transparent urine.— Fig, 6, For 

.em. Boa. ISTO, p. 116. 
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ike purpose of demonstration, the mucus cloud is here repre- 
sented much more distinct than natural; it ought only to be 
visible, and nothing more. 

Wheneyer, therefore, any kind of deposit spontaneously 
forms within twenty-four hours, the urine may be regarded a« 
abnormal. Either the proportion of some one or other of its 
solids is too great, or the proportion of its water is too little. 

The effect of a mere diminution of the aqueous particles of 
the urine is easily rendered apparent, by simply concentrat- 
ing a little of a perfectly healthy specimen. If, as soon as it 
is reduced to about one half of its bulk, it be placed aside to 
cool, a number of its solids will be precipitated in a crys* 
talline form, the characters of which can be readily recognised 
by the aid of a microscope. This fiEust we occasionally turn 
to practical account when searching for substances which, like 
leucin and tyrosin, are only crystallisable in concentrated 
solutions. 

Physiological and Pathological Conditions iNFLXTENCiNa 
THB Excretion of TJrinaht Sqlids. 

There are several physiological as well as pathological con- 
ditions which cause the absolute quantity of solids passed in 
the twenty-four hours to vary in different individuals, and even 
at different times, in the same individual. In consulting books 
on the urine, you will be struck with the apparent discrepancies 
of French, English, and German writers as regards the 
quantity of solids passed by healthy individuals. Thus, an 
adult male on a mixed diet is said to pass on an average the 
following amounts : 



Amount of Solids in Twenty-four Hours, 
grammes. grains. 

Frenchman (Becquerel) . . 39'62 = 612-66 
Englishman (myself) . . . 53-00 = 821-60 
German (Lehmann) . . . 67-82 «« 1051-21 



acids, taurylic, damolic, and damaluric ; but they are so rarely found in 
healthy uHne, that they scarcely deserve being noticed. 
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Paradoxical though it appears, each of these statements is 
in itself correct, the variance being ifanply due to the national 
peculiarity of the individual ; not that the French, German, 
and English constitutions are essentially different, but on 
account of the modes of life, and especially the diet of the 
individuals, being different. For example. Frenchmen take 
much vegetable, and little animal food, and what animal food 
they take is not of the most nourishing kind ; first, because it 
is originally inferior ; and secondly, because, in order to make 
it palatable, it is submitted to a complicated process of 
cookery, which still further decreases its nutritive value. 
Englishmen, on the other hand, eat moderately of both 
vegetable and animal diet ; while our German confrkrei^ on 
whom the experiments have mostly been made, contrary to 
their own opinions, eat largely of all foods, (c) In order to 
show you that this is no imaginary statement, and that diet 
does exert the influence here attributed to it, I shall quote to 
you the results of an experiment made by a German (Leh- 
mann) on himself : — 

j^^^ Solids in Twenty-four Hours' Urine. 

grammes. grains. 

Animal .... 87*44 « 1355*32 

Mixed .... 67-82 » 1051*21 

Vegetable . . . 59*23 » 918*06 

Non-nitrogenised . . 41*68 = 646*04 

Here is at once seen the immense influence diet exerts over 
the amount of solids excreted by the kidneys. They are, it 
will be observed, increased by an animal, diminished by a 
Vegetable, and stiU further reduced by a non-nitrogenised 
diet ; and this, you will remember, is a precisely sinular result 



(c) As a nation, the Germans are much worse fed than the English ; but 
the students and Professors, on whom the experiments on healthy urine 
have been made, are a striking exception to this rule, as any one who has 
sat at a German ta&{« ^h&tt must haye observed. 
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to that noticed regarding the effect of diet on the qiiantity of 
liquid voided in the twenty-four hours. Curiously enough/ 
the same rule holds good regarding the effect of drink on the 
solids ; for, just as the amount of solids taken into the 
stomach influences the quantity of water eliminated by the 
kidneys, so the amount of water taken into the stomach 
influences the amount of solids excreted by the kidneys. 

For a long time, Lecanu denied that with an excess of 
drink there was an augmentation of solid matter passed with 
the urine ; but the researches of Winter, Yogel, and others, 
have placed the fact beyond a doubt. To me it appears quite 
natural that it should be so ; not* because I imagine that the 
fluids drunk augment to any great extent the metamorphosis 
of the tissues, but because, by increasing the quantity of fluid 
in the intestines, more food is dissolyed, and consequently 
more solid matter absorbed into the circulation, and the excess 
beyond what the wants of the system require is excreted by 
the kidneys. 

This view is founded on the result of an experiment made 
by Kierulf, who found that, after injecting water directly into 
the circulation, the solid matters of the urine were very little 
increased, although the urine became albimiinous. Whereas, 
had the water which was injected directly into the blood been 
administered by the stomach, the urinary solids would have been 
proportionally augmented. Of course, no on6 would seek to 
deny that an excess of water in the circulation accelerates, to 
some extent, the metamorphosis of the tissues ; all that it is 
desired to prove is, that this is neither the only nor the chief 
cause of the augmentation of the urinary solids after the free 
use of liquids. 

It must be borne in mind that the foregoing remarks have 
only reference to the amount of solids eliminated in the 
twenty-four hours ; for the proportion of solid matter excreted 
at each micturition is, in reality, reduced after free drinking. 
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This is easily imderstood when we remember that there are 
three kinds of urine passed during the day, — the urina san* 
guinis, urina potds, and urina cibi, — and that these differ in 
specific gravity ; the difference being due to the Taiiable 
amount of solids they contain. For example, if there are 46*6 
grammes of solids in every 1000 cubic centimetres of the 
twenty-four hours' urine, possessing a specific gravity of 1020, 
there will be in every 

Cubic Centimetres. Specific Grayity. Grammes. Grains. 

1000 of urina cibi . . 1025 58*25 » 902*87 

„ „ sanguinis . 1017 39*61 » 613*95 

„ „ potOs. . . 1009 20*97 » 325*03 

So that when we speak of the drink augmenting the urinary 
solids, we mean augmenting the total quantity excreted in the 
twenty-four hours. 

Influence of Age aicd Sex on the TJrinaey Solids. 

Age has evidently an important influence on the urinary 
solids ; and although as yet few observations have been made 
on this point, they, nevertheless, all tend to one conclusion^ 
namely, that children excrete, proportionally, more solid 
matter than adults. For instance, I foimd that, while a female 
child, aged 18 months, excreted 0*58 gramme (8*99 grains) 
for every poimd of her weight, the mother, aged 27 years, 
living under the same conditions, excreted little more than 
half that amount (0*31 gramme ^m 4*80 grains) for every 
pound of hers. 
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The influence of sex is no less remarkable than the influence 
of age, as is seen by the subjoined table, representing the 
average relative proportion of organic and inorganic salts daily 
eliminated by an adult English man and woman. The table 
is made from an average of four analyses : — 

In Twentf/'/our Houn' Urine, Average weight, 140 li«.; 

tiffe, 25 years. 



Males. 
gnuB. jsrainfl. 

Total solldfl &S'00» 82150 

Oitranic 86*60 » 667*30 

Inorganic 16*40 b 248*70 

Solids per lb. of bodUy weight 0*87 s 6*73 



Females, 
gnns. grains. 

44*60 » 689-75 

81-00 = 480-60 

18*60 = 209*25 

0-86 = 6-42 



Women, it uppeats, therefore, excrete, both absolutely and 
relatively, less solid matter than men. (d) 

iKFLXrBKOB OF PbEONANOT. 

Of all physiological conditions, that of pregnancy has the 
greatest effect upon the daily excretion of solid matter by the 
kidneys. The following observations were made on a primi- 
para, aged 26 years : — 



Period of Gestation. 



Total Solids. 



Organic 



Inorganic. 



Two months aiid a-half 
Fifth month, ten days 

after quickening . . 
Seventh month 
Ninth month, three 

days before delivery 



grms. grains. 
6709 » 898*84 

67-61 » 802-96 
45-64 «: 707*42 

43*94 » 681-07 



grms. grams. 
42*88 a 664*64 

40 56 ^ 628*52 
81*73 sr 491*81 

82-04 B 496*62 



grms. grains. 
16*11 ac 234-20 

17*06 « 264 48 
13*90 = 215-46 

11*89 ar 184*29 



Here it is clearly seen, that the nearer we approach delivery 
the less solids are excreted, and there can be little doubt but 
that this arises from the fact, that the more developed the 



(d) Parkes gives the mean solids at 61*14 grammes, 946 grains ; but tiiia 
arises Arom his including the high average of the Qermans. 
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foetus the more nutritiye material it withdraws from its 
mother's circulation, and consequently the less remains to be 
excreted by the kidneys. It is to be remembered* too, that 
the eSlete products of the fcetal tissues are not directly returned 
to the maternal blood to be excreted along with her own, but 
are eliminated by the foetal kidneys in the shape of iirine, 
which is expelled from its bladder into the liquor amnii. 
This is, in fact, the true explanation why urea is so often 
detected in the amniotic fluid. 



Influencb or Disease on the Daily Excsetiok o^ - 

XJ&iNARY Solids. 

Disease exerts a marked influence over the urinary solids, its 
most general eflect being rather to diminish than to augment 
them. In cases of anaemia and chlorosis, for example, the 
diminution is sometimes very considerable. The twenty-four 
hours* urine of M. L., aged 30 (Hospital case), suffering from 
anaemia, consequent on hyper^lactation, contained — 

Total Solids. Organic. Inoi'ganiic. 

grammes, grains. grammes, grains. grammes, grains. 

34-89 = 640-79 26-63 =^ 412-76 8-26 =». 128-03 

Lest some may suppose that in this case the diminution in the 
amount of urinary solids may have been due to a diminished 
supply of food, I shall quote another case from private practice, 
about which there can be no doubt. This patient was also 
suffering from anaemia, and being of the same size, and nearly 
the same age (32) as the preceding, it may be taken as a 
parallel case. Her diet was of the most nourishing descrip- 
tion. Turtle, and other nutritive soups, well-cooked fresh 
meats, and three or four glasses of wine daily. Notwith- 
standing this, the twenty-four hours' urine yielded on analysis 
only — 
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Total Solids. Organic. Inorganic, 

grammes, grains, grammes, grains, grammes, grains. 

32*64 = 505-92 24-98 » 387*19 7*6 ^ 117-80 

l)eiiig even less than the Hospital case. 

I have now to quote an example of an increase of the urinary 
solids as the effect of disease. The most interesting case 
of this kind which has fallen under my personal observation 
is that of a gentleman aged 43, of very high literary attain- 
ments. He had enjoyed perfect health till within eighteen 
months before I saw him, when, after great and continued 
mental exertion, he was seized with intense frontal headache, 
and violent palpitation of the heart ; so much so, that he had 
to resign his appointment, and desist from all mental labour. 
When brought to me by Dr. King, he was suffering from other 
symptoms in addition to the above, the most distressing of 
which were, pain from the hips downwards, with shooting, 
burning sensations in the soles and upper part of the feet. 
He had also pricking, burning sensations in the wrists and 
hands, and to such an extent did these annoy him, that they 
prevented his ever enjoying a comfortable night's rest. On 
analysis, his twenty-four hours' urine was found to contain a 
very great excess of solid matter ; and this, too, in spite of his 
taking very little food, in consequence of his suffering from 
dyspepsia. Under treatment, a marked diminution of the 
urinary solids took place, and with it a corresponding im- 
provement in health. The twenty-four hours' urine was 
analysed on three separate occasions, with the following 

results : — 

Total Solids. Organic. Inoiganic. 

grammes, grains, grammes, gn^ins. grammes, grains 

March 19 80-67 «1250-38 57-42 = 890-0l 23-25-360-37 

.,> 31. 71-61 =1109-95 49-22«762-91 21-39 = 331-54 

April 22 63-24= 980-22 47-82 = 741-21 15-42 = 239-01 

At the time of the last analysis the patient was very much 

improved. 
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The quantiliy of solids daily excreted may, in certain 
diseases, be £ur greater than eren the abore. 

In cases of diabetes, for instance, the amount of solid 
matter may be enormously increased — ^not merely on account 
of the presence of sugar, but also on account of several of 
the urinary ingredients being augmented. Here is the analysis 
of the urine of a gentleman, aged 57» who suffered for six 
years from diabetes. I quote it, not because it is the most 
striking example I could give, but because it happens to be 
the first that has come to hand, and because I shall have after- 
wards to refer to the case when on the subject of treatment : — 

Total Solids. Organic. Inorganic, 

grms. grains. grms. fljainB. grms. grains. 
24 hours' urine . . 276-21 = 4281*25 256-60 = 8977-30 19-60= 303-80 

I might go on quoting many more such examples ; but these 
are sufficient for the present purpose. I shall, therefore, turn 
to the important question, — What effect have remedies in con- 
trolling the elimination of solids by the kidneys ? 



Effect of Remedies on the Ubina&y Solids. 

There are certain remedies which have a powerful effect in 
reducing, and certain others which have an equal effect in 
augmenting the urinary solids. First, as regards those 
remedies which reduce them. Nearly all belong to the 
narcotic group ; and the most active are opium> morphia, 
conia, hyoscyamus, and Indian hemp. As one and all of these, 
from their specific action on the nervous system, are occa- 
sionally coiinter-indicated, it fortunately happens that we have 
another group of remedies of an entirely opposite neurotic 
character, which also have the power of diminishing the 
elimination of solid matter by the kidneys. The most powerful 
of these, I believe, is the citrate of quinine and iron, and next 
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to it the aTnmoiuo-citrate of iron in combination with quassia 
— two remedies which, as was before seen, have also the 
property of diminishing, in certain cases, the amount of liquid 
excreted by the kidneys. 

Those medicines which, on the other hand, increase the 
solids are digitalis, atropine, and colchicum — ^indeed, it is 
possible that the chief benefit derived from the use of these 
remedies in certain diseases arises from this action. In gout, 
for example, both immediately before and during the 
paroxysm, the urinary solids are said to be diminished; 
whereas, as soon as the paroxysm begins to subside, they are 
said to increase, and the more rapid the increase the quicker 
appears to be the convalescence of the patient. Now, it so 
happens that both the carbonate of potash and colchicum, 
which, as is well known, are useful remedies in the majority 
Gf cases of gout, increase the elimination of solid matter by 
the kidneys. 

There are yet other substances which, although not usually 
classed imder the head of medicines, nevertheless merit our 
attention. These are alcohol, wine, and beer — all of which 
influence the daily amount of solids passed by the kidneys. 
Thus, Bocker found that alcohol and beer lessen the quantity, 
while white Khine wine (Niersteiner) augments it. Here, 
then, we see that in the treatment of disease we can even 
select our stimulants so as to further the effects of our other 
remedies. 

Inorganic Salts. 

It must have been observed that I have hitherto spoken of 
the urinary solids as a whole, notwithstanding that they con- 
sist, as you are aware, of two parts, an organic and an 
inorganic. I have purposely done so in order to save time ; 
for, as a rule, what influences the one influences the other. 
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There are, however, certain, exceptions to it, with which X 
must now make you acquainted. 

From the preceding tables you will have learned that the 
organic is usually greatly in excess of the inorganic matter ; 
and, although this is the case at all periods of life, yet the 
relative proportion varies with the age. Thus, it will be seen 
by the subjoined table, that while a child aged eighteen months 
passes for every pound of its weight only one-third more 
organic matter than the adult, it excretes no less than three 
times more inorganic salts : — 

Solids per lb. of Bodily Weight in Twenty-four Hours* Urine, 

Total Solids. Organic. Inorganic, 

grammes, grains, grammes, grains, grammes, grains. 

Girl aged 18 mths 0-58 = 8-99 0-33 = 5-11 0-24 = 3-72 

Mother aged 27 yrs 0*31 = 4-80 0-23 = 3-56 0-08 = 1-24 

The excess is here stUl seen to be in favour of the organic ; 
and even in disease this rule holds good. There is, however, 
one remarkable exception to it, which, as far as I am aware, 
has not been noticed by other observers. And this is the 
more surprising, seeing that not only is the relationship 
altered, but actually reversed, the inorganic preponderating 
over the organic ingredients of the urine. The most striking 
illustration that I can give of this most important fact is in 
albuminuria, and I think that I cannot do better than quote, 
the one cited in a memoir ** On the Blood and Urine of 
Pregnancy," published conjointly by Gegenbaur and myself 
inScanzoni's "Beitrage" for 1854. The case was that of a 
woman, aged thirty-nine, the analysis of whose urine yielded 
the following results : — 

In the 24 hours' 26 days before 14 days before 7 days after 

Urine. Delivery. Delivery. DcUvery. 

c. c. oz. c. c. 02. c. c. oz. 

Water . . 1169 = 37*7 1668 = 63-8 1792 =67-8 
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griDB. grainft. gnuM. gnduB. gnns. gnSns. 
Organic soUds . 16*37—253-73 21*67»335-88 27'69»42919 

Inorganic Baits . 28-88a.447*64 26'70«413'85 31*01»4S0-65 
Here it is seen that the inorganic ingredients preponderated 
oyer the organic on the twenty-sixth day before delivery as 
seven to four, on the fourteenth day as nine to seven, and on 
the seventh day after delivery, when the albuminuria was 
already beginning to diminish, as ten to nine. 

Detebmikation of the Water and Solids. 

Having ascertained the exact quantity of urine passed in 
the twenty-four hours, we can form a rough estimate of the 
amount of solids it contaios by multiplying the last two figures 
of the specific gravity by 2*33. Thus, in the case of a urine of 
1020 specific gravity, if the 20 were multiplied by 2*33, the 
result would be — the solids in 1000 cubic centimetres of urine 
20 X 2-33 *B 46-6 grammes. 

If, instead, however, of 1000, 1250 cubic centimetres of 

urine were passed in the twenty-four hours, an additional 

** simple proportion " calculation would be required to ascertain 

the total amount. Thus, if 1000 cubic centimetres of urine 

contained 46*6 grammes of solids, 1250 cubic centimetres 

would contain 58*25 ; the calculation being to multiply 

46*6 by 1250, and divide by 1000. 

46*6 X 1250 -o „- 

1000 ^ grammes. 

Again, if instead of 1250 cubic centimetres of urine being 
passed, there were only 800 cubic centimetres, the calculation 
would still be made on precisely the same principles. 

^g-g ^ 8QQ - 37-28 
1000 

Although this method does very well when we merely wish 

to have a rough guess at the amount of solids passed in the 

twenty-four hours, and it might even be sufficiently exact for 

ordinary clinical purposes if the specific gravity of the urine 
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were carefiilly taken with b correct apparatus — th« [^k- 
nometer (Fig. 3, b), for example ; yet it ii found to be in- 
edeg^uate for scientific purposes, and, therefore, it is necessary 
to proceed as follows : — Twenty cubic centimetres of urine are 
exkctly measured off ia a graduated pipette (Fig. 6, a), put 
int) a clean porcelain crucible of known weight, and agtun 
we^hed to ascertain the weight of the urine it contains, 
ahojld that not have been prerioualy done in finding its exact 
speiific grarity. (I generally use the picknometer as the 
meeure, and thereby make one neighing do for both puiposes.) 
The uncoTered capsule (Fig. 6, b) is now placed in a close 

F:a. 6. 




\ 



wa*-bath, heated to lOtP C. (212" F.). and kept there until 
theiiqueoua part of the urine is all drivrai off. When such is 
thease, the crucible will cease to lose weight. [The drying is 
fimer insured by placing the capsule for a short time under 
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an air-pump.) The difference between the capsule when first 
weighed and in its now dry state gives the quantity of water 
in twenty cubic centimetres of urine. If the patient chance 
to have passed 1000 cubic centimetres in the twenty-fo\2r 
hours, all that is reqiiired is to multiply the loss of water 1>y 
fifty, and the result is the total amount of water in the tweniy* 
four hours' urine. 

Next, as regards the solids, the weight of the brown residue 
now remaining in the crucible is the weight of the solids in 
20 cubic centimetres of urine ; and supposing, as we havejist 
said, 1000 cubic centimetres of urine were passed, and he 
residue weighed 0*6 granmies, the calculation would bei — 
Multiply 1000 by 0*6, and divide by 20, the amount of ume 
employed in the analysis — 

1000 X 0*6 
-20—=^^ 

30 grammes, or 466 grains in the twenty-four hours. The (tl- 
culation might be simplified by multiplying 0*6 by 50. 

Lastly, to ascertain the amoimt of inorganic salts. Thi is 
done by placing the crucible containing the urinary solids cer 
the flame of a spirit-lamp until all the organic matteiis 
destroyed, and there remains nothing but the inorganic aslof 
the 20 cubic centimetres of urine, (e) The capsule is ifw 
allowed to cool, and again weighed, when the weight oflts 
contents wiU represent the amount of inorganic salts in th(^0 
cubic centimetres of urine. Suppose, for example, that t^y 
weigh 0*3, the calculation would be — 

1000 K 0-3 ,^ 
7^ = 15 ' 

. '" i 

15 grammes, or 232*5 grains of inorganic substance in \e 
twenty-four hours' urine. 



(e) In order to get the ash perfectly white, it is necessary to add eicr 
A few drops of nitric acid, or a fragment of the nitrate of ammonia to ^e 
charred mass, and again expose the crucible to a red heat. 



LECTURE III. 

UREA— ITS CHEMI3TRY, PHYSIOLOGY, AND PATHOLOGY. 
AMMON^MIA AND UBiBMIA. 

We liave now to consider the constituents of the urine 
individually, and we shall begin with that substance which, 
in consequence of its occurring in greatest quantity, is looked 
upon as the most important ingredient of the human urine. 

Urea. — (CgH^NgOg). Atomic equivalent = 60. 

Urea is to be found in the urine of all animals, but exists 
in greatest quantity in that of the mammalia. It never occurs 
as a urinary deposit, in consequence of its great solubility in 
water, being, in fact, deliquescent. 

Before entering upon the physiological, and pathological 
relations of urea, it will be necessary for me first to say a few 
words regarding its appearance and properties. 

The urea of commerce is a white, semi-transparent, crystal- 
line body, (a) with a bitter taste. When heated it melts, 

(a) The crystals are usually four-sided prisms, more rarely needle-shaped- 
The urea sold in the shops is prepared artificially, but it x>ossesses the 
same characters as that obtained from human urine. 
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l)iims, and gives off ammonia. It is soluble in alcohol, as 
well as in water, but nearly insoluble in ether. It is readily 
decomposed by strong mineral acids, and by hydrated alkalies. 
With chlorine it yields carbonic, and hydrochloric acids. 
Nitrogen gas being at the same time set free. In contact with 
animal ferments urea takes up two equivalents of water, and 
is converted into two parts of carbonate of ammonia. 

C2H4N2O2 + 2HO = 2(C02NH3). 
Hence the peculiar ammoniacal odour of putrid urine. 

Urea readily combines with nitric acid to form the most 
. Important of its salts : — 

The Nitrate of Urea (UrNOjHO), which forms, when rapidly 
crystallised; flat, shining, rhomboidal plates ; when slowly 
crystallised, fine prisms. It is very soluble in both water and 
alcohol, but only sparingly soluble when they contain an 
excess of free nitric acid. 

"We have here three specimens of urine — man's, horse's, and 
dog's — ^representing the three subdivisions of the animal king- 
dom into omnivora, herbivora, and camivora ; the first two 
urines have been concentrated to about half their normal bulk, 
the third is left in its natural state, it being by far the richest 
in urea. To each I now add equal parts of strong nitric acid, 
when instantly you perceive they begin to crystallise, and 
before many minutes elapse each of the liquids will have 
become one compact mass of shining crystals ; I shall be able 
to invert the glasses without danger of spilling their contents. 
You observe the crystals are coloured. Those from the dog's 
urine only slightly, those from the horse's very deeply. This 
is not owing to the nitrate of urea being a coloured salt, but 
simply because it happens to be deposited in a coloured liquid 
part of the colouring matter of which has united with it ; 
just as sugar — a white substance — when crystallised in a solu- 
tion of carmine, yields red crystals. The higher coloured tlie 
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urine, tlierefore, the deeper coloured the ciTBtals ; the palei 
the urine the whiter the cryatals. 

With oxalic &cid urea forms an oxalate (CrCgO^HO) which 
crjBtalliseB in prisms and quadrilateal tables (Fig. ?)■ some- 
limes separate, sometiriies adhering together in groups. This 
Fio. 7. 




Fi<i- 1 — CrritalB of oxaUte ot 
salt is fteely soluble in hot, but sparingly soluble in cold, wster. 
Hence it is that we occasionnlly, though very rarely, detect 
crystals of oxalate of urea in coucentrated human urine. 
Phtbiolooical Relations of TIeea. 
Urea was fiist discovered in human urine, and it was for a 
long time thought to be one of the special products of the animB l 
world. Modem chemistry having, however, succeeded in 
preparing it artificially from a variety of substances, among 
which may be mentioned the cyanates of lead and silver ; 
together with the fact of its being also formed by the union of 
cyanic acid and ai 

CjNO,HO + NHj =. C,H,N,0,' 

many persons are inclined to regard it as merely the cyanate 

tTrea, though found in the urine, is not formed in the kid- 
neys, but only excreted by them from the blood, where it has 
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been detected by Garrod, myself, and others. Picard found 

0*016 per cent, in normal human blood, and on one occasion I 

found as much as 0*320 per cent. In the deftbrinated blood of 

a sheep I found 0*559, and in that of the dog as much as 

0*747 per cent. In a nonnal state the blood of the renal 

artery contains twice as much urea as that of the renal 

vein (Picard), but in cases of its retention, both vessels 

contain about an equal quantity. Wurtz obtained urea 

from the healthy chyle, and lymph of the ox, horse, and 

dog. It has been found in the humours of the human eye, 

and is one of the ordinary constituents of the amniotic fluid 

of all mammalia ; but, as I said before, it owes its presence in 

the latter situation to the urine excreted by the f(£tus while 

still in utero. 

It has been asserted by some (Robin and Verdeil) that no 

urea is to be found in the urine of very young children ; this, 

however, is an error, as I have detected urea in urine taken 

from the bladder of a still-bom child, and in that of an infant 

aged 8 weeks I found as much as five grammes per thousand. 

In fact, from the subjoined table it will be seen that children 

actually excrete relatively more urea than adults ; and males 

absolutely as well as relatively more than females, at all 

periods of life. 

Quantity of Urea in the 24 hours' Urine. 

Relative pro- 
Sex and age. Absolute amount. X)ortion per lb. 

of bodily wgfht. 
grammes. grains. grmes. grams. 

{Boy aged 18 mths. 8 to 12» 124*0 to 186*0 0-40 6-2 

Girl „ „ 6 to 9= 93-0 to 139*6 0*35 6*4 

TMan aged 27 . 26 to 36 « 387-6 to 642*6 0*26 3*8 

(Woman „ . 20 to 30 « 310*0 to 466-0 0*20 3-1 

In this table it will be seen that the amount of urea daily 
excreted is liable to considerable variations. Before attempt- 
ing, therefore* to draw any conclusions from the changes 
observed in its amount during disease we must make ourselves 
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thoroughly acquainted with the causes upon which the normal 
fluctuations depend* and in order to do this the more effectu- 
ally we must flrst inquire into its normal source. 

No urea has as yet been detected in any of the human solids, 
except what might readily be accounted for by the presence 
in them of blood. Its source seems to be two-fold ; firstly, 
the disintegration of the tissues ; and, secondly, the excess of 
nitrogenised food absorbed into the circulation. 

The effect of food on the daily elimination of urea is well 

marked in the results obtained by Yon Franque while experi* 

menting on himself: — 

Ubea. 



Diet 


In 24 hours. 

-»- 

grmes. grains, 
lbs. 


Per hour. 


Per lb. of bodily 

weight, 
grmes. grains. 


Animal (3J 


grmes. grains. 


of flesh). 


. 92 « 1416*0 


3-86 = 59-8 


0*53 ^ 8-2 


Mixed , 


, 37 = 673-5 


1-58 » 24-4 


0-21 =r 3-2 


Vegetable 


, 28 » 434-0 


1-08 = 16-7 


0-15 ^ 2-3 


Non-nitroge 


nous 16 = 248-0 


0-69 .« 10-6 


0*09 ^ 1-3 



It is here seen that on an animal a much greater quantity of 
urea is excreted than on a mixed diet, and least of all after 
non-nitrogenised food has been taken. These results are in 
accordance with those of all other observers, except that the 
total quantities are greater. 

Some suppose that urea comes in no case directly from the 
excess of absorbed food, but only indirectly from that portion 
of it which has \indergone metamorphosis in the tissues 
(Bischoff, Voit, Farkes). If such be in reality the case, it 
appears to me very extraordinary that when Uving on a purely 
animal diet a person should excrete a larger proportion of urea 
than when living on mixed food, the mixed being the most 
nourishing diet of the two. Again, if their views be correct, 
why is it that exercise, which is well known greatly to in* 
crease the metamorphosis of the tissues, is not fo\ind mate- 
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rially to affect the daily eliinination of urea? Thus, Yon 
Franque excreted in twenty-four hours : — 

Diet and ezorciae. Urea In 24 houw. FarewyIb.ofwght 

^^ giammesw grain& gnmmes. grains. 

Mixed, with moderate 
exercise . . . 37*983 .. 588*73 0*218 « 3-379 

Mixed, withmuch exer- 
cise . . . . 87*877 ^ 587*09 0*217 « 8*363 

Actually less urea after much exercise than he did on his 
ordinary average exercise, (b] On the other hand, Dr. £d. 
Smith found that prisoners excrete 36 grains more of urea 
when at hard work than when doing nothing, which, he adds, 
is 19 grains above what they pass on light labour. 

Again, we find that Bischoff in his experiments on dogs 
observed that they passed most urea when fed on eggs, muscle 
and gelatinous substances, and that it increased in proportion, 
to the quantity of food given. These facts all tend to the 
conclusion that a portion of the urea excreted by the kidneys 
comes from the excess of food, independent of the metamor-^ 
phosis of tissue. That all the eliminated urea does not come 
from this source no one seeks to affirm, for there is abundant 
evidence against such a supposition. For example, starve an 
animal as you may the urea will never entirely disappear from 
the urine. It can only be reduced to a certain point and no 
further. Schmidt, Frerichs, Bischoff, and myself have 
observed this in dogs, and Lassaignc, Scherer, Yon Franque, 



(b) So contradictory are the resiilts of different observers, that further 
experiments are necessary before the question can be settled ; the observa- 
tions, too, in order to be exact, must only be made on the uiine during 
the time the exercise is being taken, and not over the whole twenty-four 
hours, as the effect of rest and sleep may counterbalance the result 
produced by the exercise. I am myself strongly inclined to the opinion 
that exercise increases the elimination of urea, but cannot venture posi- 
tively to assert it in consequence of the contradictory evidence furnished 
us by so many observers. (Draper, Lehmann, Franque, Smith, Ham- 
mond, Banke, etc.) 
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and others have made similar observations on the human 
urine. The last-named gentleman starved himself during 
forty hours, and still found 19*35 grammes (299-9 grains) of 
urea in his twenty-four hours* urine. On experimenting on the 
effects of tartrate of antimony as a slow poison, I found that 
the urine of dogs, reduced to perfect skeletons, contained such 
an amount of urea that it crystallised on the simple addi- 
tion of nitric acid without any concentration whatever. 

The amount of urea passed by an animal during starvation 
is greater, if he has been previously well fed, than if he has 
only received a sufficiency of food to prevent his losing weight 
(Bischoff), which fact probably accounts for Dr. Yon Franque 
passing so much during the time he was without food. 

Prout thought that the urea came chiefly from the gelati- 
nous tissues, and Yon Franque thinks it comes chiefly from 
the muscles, but neither of these tissues has been found to 
contain urea. It is true that Stadeler and Frerichs found a 
considerable quantity of urea in the muscles of cartilaginous 
fishes ; but that proves littie, seeing that they detected it m 
almost all the organs. My idea is, that urea is not the special 
product of any one particular tissue or organ, but the united 
product of all nitrogenised effete matter, Bechamp and Picard 
assert that they have converted albumen and other azotised 
substances into urea by slow combustion with permanganate 
of potash, and although subsequent experimenters have not 
been equally successful, we must accept their statement as a 
fact until the contrary is proven. 

Part of the urea may also be formed in the blood by the 
decomposition of uric acid. This is rendered highly probable, 
for two reasons — ^Firstly, Xeubauer found on giving rabbits 
from two to three grammes (31 to 46^ grains) of uric acid with 
■their food the quantity of urea excreted in the twenty-four 
hours was augmented from 2*1 to 4*2 grammes (32*5 to 65*1 
groins) ; and, secondly, when uric acid is acted upon by per- 
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manganate of potash it is transformed into several substances, 
one of which is urea. 

We have now to consider how the elimination of urea is 
influenced by other than animal foods. In the first place, 
water increases it. The more water we drink, ctsteris paribus, 
the more urea we excrete, most probably for the reasons 
already given when spealdng of the influence of water on the 
urinary solids. Conunon salt also produces an augmentation 
in the excretion of urea (Bocker, Bischofl). Coffee has an 
analogous effect. I found this to be very decidedly the case 
in one of my Mends, Baron G., aged 57. The daily average 
of iirea excreted by him was 17*28 grammes (267*84 grains), 
whereas after he had restricted himself to nothing but coffee 
(without milk or sugar) and dry bread during forty hours he 
passed 25*3 grammes (382*26 grains) of urea per twenty-four 
hours. 

This diet had an equally striking effect on the amount of 
water eliminated. His usual average was 1290 cubic centi- 
metres (41 ozs.), and on the day in question it rose to 1895 
cubic centimetres (60 ozs.) per twenty-four hours. This result 
is contrary to the observations of Bocker and Hammond, who 
foimd, on taking an excess of coffee with their ordinary diet, 
that the daily excretion of urea diminished. But this 
probably arose firom their taking the coffee in the usual way, 
sweetened with sugar, for there are certain foods which greatly 
diminish the elimination of urea, and among them sugar holds 
the foremost rank (Bocker, Bischoff, and Yoit). Starch has 
also a marked effect in diminishing the amount of urea, and I 
beUeve that fat may be placed in the same category, for, not- 
withstanding the statements made to the contrary (Bocker and 
Bischoff), the results of Botkin's experiments on dogs are con- 
clusive regarding the decided diminution of urea which takes 
place when fatty matters are added to the food. This opinion 
is further strengthened by the observations of Beneke, who 
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found that cod-liver oil lessens the amount of urea passed by 
the human subject. In fact, my idea is, that all nitrogenised 
foods augment, and all non-nitrogenised foods diminish, the 
amount of urea eliminated by the kidneys. Even gelatine, 
the nitrogenised substance which of all others is supposed to 
possess the least nourishing properties, has a decided effect in 
increasing the daily excretion of urea. 

I have entered thus fully into the physiology of urea in con- 
sequence of being aware that unless the influence of diet, age, 
and sex be borne in mind while studying its fluctuations 
during disease, our labours will be unattended with any 
practical benefit ; while, on the other hand, if these factors are 
duly considered, we cannot fail to reap important advantage 
&om the knowledge thus acquired, for just as we have seen 
that its amount in normal urine represents, to a certain extent, 
the wear and tear of the firame, and is consequently an index 
to the health of the individual, so also in disease it furnishes 
us with precisely similar and even more important data ; for 
the amount of urea in the urine enables us not only to judge 
of the tissue consumption, and, through it, of the severity of 
the affection, but is at the same time a direct clue to treatment, 
showing us whether our remedies should be directed to the 
restraining or encouraging tissue metamorphosis. 



Pathology. 

Disease has an important influence on the amount of urea 
excreted by the kidneys. In some diseases it is abnormally 
increased ; in others it is as strikingly diminished. Thus in all 
febrile aflections, with one exception, namely, yellow fever, it 
is increased. In typhoid, for example, Parkes found as much 
as 57 grammes (883*5 grains) passed in the twenty-four hours ; 
and Vogel, in one case, the enormous quantity of 78 grammes 

£ 
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(1209 grains), all, or nearly all, of which, seeing that the 
patient was on low diet, must have come from the tissues. In 
typhus, febricula, and remittent, the urea is likewise found to 
be increased, though not to such an extent as in typhoid. 
The same remark is equally applicable to the different forms 
of exanthemata, as well as to inflammatory affections, such, 
for example, as pneumonia and meningitis. In the case of 
chronic cerebritis, already alluded to under a different head, I 
found the urea as high as 57*42 grammes (890 grains), and as 
the patient recovered it fell to 46*5 grammes (720*7 grains), 
and still later to 37*1 grammes (574 grains) in the twenty-four 
hours. 

In some cases of epilepsy Dr. Sieveking found the urine so 
loaded'with urea that the simple addition of nitric acid to the 
non-concentrated liquid caused an immediate formation of 
crystals of the nitrate. In one of his cases, in which I esti- 
mated the quantity, I found it amount to no less than 50 
grammes per thousand. Unfortunately, no exact analyses 
have as yet been made on the twenty-four hours' urine of 
epileptics, but from the observations of Hensen it seems that 
although the urea may be increased during the seizure, it is 
in general diminished when estimated over the twenty-four 
hours. 

Sanger found the daily excretion of urea diminished in cases 
of paralytic idiocy. 

In a case of pyaemia, Yogel found 80 grammes (1240 grains) 
of urea ; and Kinger has made the interesting observation that 
the quantity excreted stands in a certain relationship to the 
temperature of the body ; for both in the hectic of phthisis, 
and in the paroxysms of ague it increases with the rise, and 
diminishes with the fall of the animal temperature. Scarlet 
fever is, however, an exception to the rule. 

In diabetes the amount of urea is greatly increased ; on one 
occasion I found 70 grammes (1085 grains) passed in the 
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twenty-foiir hours, and that too in the case of a gentleman 
nearly 50 years of age. 

The average amount yielded by the twenty-nine analyses 
of diabetic urine now before me is 47 grammes (728*5 grains) 
— still a large excess over the normal excretion. But this is, 
I believe, in a great measure due to the rich animal diet. In 
a case of accidental diabetes accompanying paralysis, follow- 
ing upon a fall on the back of the head, instead of an excess 
there was an actual diminution of the urea. The man, a strongly 
built andotherwise healthy labourer, passed only 19*99 grammes 
(308 '4 grains) of urea a few days after the receipt of the 
injury, while he was passing 36*89 grains of sugar ; whereas 
during the period of convalescence, three months afterwards, 
when the sugar had disappeared firom his urine, he passed 
24*7 grammes (382*8 grains). The quantity of the urine in 
the first instance was 952 c.c. (30 oz.), of a specific gravity of 
1017 ; and in the second, 915 c.c. (29 oz.^, of a specific gravity 
of 1023. 

In diabetes iosipidus (polydipsia) I have found the urea 
enormously increased. On one occasion a man, aged 56, 
passed 84*63 grammes (1311*76 grains) in the twenty-four 
hours. At the same time the urine amounted to 4030 c.c. 
(130 oz.). 

There are a few diseases in which the excretion of urea 
appears to be diminished before the attack. Gout (Bocker) 
and asthma (Kinger) may be cited as examples. 

In cholera, the quantity of urea in the urine, both abso- 
lutely and relatively, is very small. The total quantity of urea 
excreted in the twenty-four hours, in some cases, does not 
amount to more than 4 grammes (62 grains). As soon as the 
attack begins to pass off, the urea commences to increase, and 
during convalescence it may even be much greatei^ than m 
health. 70 grammes « 1085 grains (Buhl). 

The question which here suggests itself is, whether the 
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decrease of urea in th.e iirine of cholera is simply due to 
diminished elimination or to an absolute decrease in its forma- 
tion ? I am inclined to believe that the chief cause is the 
latter — tiz.^ lessened formation, for while I can find no reason 
for its non-elimination, relatively to the amoimt of urine, if it 
be actually present in the blood, I see a potent one for its non- 
formation in the low temperature so characteristic of cholera. 
(We previously saw that in hectic and ague the urea rises 
and falls with the increase and diminution of animal heat.) 
Diminished formation cannot, however, be said to be the cause 
of the small amount of urea excreted in Bright*s disease and 
some other affections. 

In the experiments made conjointiy by Gegenbauer and 
myself on the blood and urine in albuminuria, we foimd the 
daily excretion of iirea on one occasion as low as 3*3 grm. 
(51 grains) and this was clearly due, not to diminished forma- 
tion, but to arrested elimination. The more albumen excreted, 
the less was the amount of urea ; the less albumen excreted, 
the greater was the amount of urea in the urine. 

In the Novembers. November 17. December?. 

24 hours. Grammes. Grains. Grammes. Grains. Grammes. Grains. 

Urea . . 3-3 = 61-16 6-4 = 83*70 10-9 =168-96 

Albumen . 9-6 = 147*26 2*9 = 44*96 1*6 » 24*80 

In cases of Bright* s disease the urea is not only diminished 
in the urine, but is in excess in the blood. It may even make 
its appearance in all the fluids of the body. In dropsical 
exudations, in the humours of the eye, in the serum of the 
ventricles of the brain, in the milk, as well as in the vomited 
matters. On one occasion I found the blood of a patient who 
died of uremic convulsions &om Bright's disease quite acid 
(twelve hours after death), and in the serum taken &om some 
large bullae on the chest and thighs urea was detected in con- 
siderable quantity. It may here be mentioned that in yellow 
fever the urea, in like manner, appears to accumulate in the 
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blood, so that in those cases it is not the formation, but only 
the excretion which is arrested. Dr. Porcher says that in 
some of the urines in the Charleston yellow-fever epidemic of 
1846 there was an entire absence of iirea. Buttlus statement 
must be taken with a certain degree of reserve, as his mode 
of analysis was not sufficiently delicate to admit of his detect- 
ing small quantities of urea. 

Most of the patients died with symptoms of ursemic poisoning. 

XJ&JEMIA. 

TJrsemic poisoning is a subject of such grave importance to 
the Medical man that I must say a few words regarding it. 
There can be no doubt that urea is a powerful irritant poison. 
When injected into the veins of animals it rapidly induces 
fatal convulsions. It is not necessary, as some have imagined, 
that the urea should be decomposed in the blood in order to 
produce its toxic effects. On the contrary, I believe that urea 
is a far more dangerous poison than the substance into which 
it is decomposed, namely, the carbonate of ammonia. Both 
are, however, poisonous, and they frequently manifest their 
action together, for although we may, perhaps, have ursemic 
without anmioniacal poisoning, we cannot have the latter, as 
the result of disease, without its being in some measure asso- 
ciated with the former. 

True uraemia depends on the arrested elimination of the 
poisonous material by the kidneys ; true ammonsemia on the 
re-absorption into the circulation of the decomposed secreted 
product. 

TJrsemia may occur in the course of any disease in which 
suppression of the renal secretion takes place. It is therefore 
superfluous to specify the diseases in which it may occur by 
name. 

Carbonate of ammonia poisoning occurs in its least com- 
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plicated form in those cases where the urea, although secreted, 
is retained la the urinary passages until it is decomposed, and 
the products of its decomposition are re-absorbed into the 
blood. JxL^ as was formerly said (p. 22) the ncxmal ingre • 
dients are re-absorbed from the bladder, when from, any 
cause the urine is retained for some length of time in that 
viscus. The conditions imder which it most commonly 
occurs are therefore: — 

1st. Sacculated kidneys. 

2nd. Dilatation of the ureter and pelvis of the kidneys. 

3rd. Renal abscess. 

4th. Paralysis of the bladder. 

6th. Enlarged prostate with retention. 

6th. Stricture with retention ; or, iadeed, retention from any 
cause whatever, — all that is required to induce ammonsmia 
being the retention of the urine in the body sufficiently long 
to allow of the decomposition of its urea. It is quite sur- 
prising, indeed, la how very short a time retained urine 
may become ammoniacal. (c) 

In Mr. Marshall's case of exfoliation of the bladder, which has 
during the last year given rise to so much discussion, the urine 
contained such an abundance of carbonate of ammonia that it 
effervesced exactly like a seidlitz powder when I added to it 
a few drops of acid. 

The symptoms which distinguish ammonsemia from simple 
ursemic poisoning have been recently carefully poiated out by 
Jacksch (1860). 

In ammonsemia the urine is ammoniacal when passed. 
The breath and perspiration are ammoniacal. The mucous 
membrane of the mouth is dry and shining. The complexion 
is sallow, and there is increasing emaciation. No dropsical 



(c) Urine becomes much more rapidly ammoniacal in than out of the 
body, in consequence of the animal warmth favouring its putrefaction. 
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symptoms are present. Conyulsions are rare, but intermittent 
ague is frequent. Moreover, although in the acute form of the 
disease both vomiting and diarrhoea may occur, in chronic 
cases, which are much more common, these symptoms are 
always absent. Death is in general preceded by coma, varying 
from a few hours to several days in duration. 

It is thus seen that the symptoms, as well as the pathology 
of ammonffimia, present striking features of difference to those 
of pure uraemia. The most characteristic of the latter being 
the vomiting, and diarrhcea, the convulsions, and coma. The 
treatment of the two cases is in several particulars equally 
different. 

In the first place, ammonsemia arising, as it generally does, 
from directly remediable causes, is much more frequently under 
our control than uraemia. For example, when the ammo- 
naemia is due to the simple retention of urine in the bladder 
repeated catheterisation is usually followed by a speedy cure. 
In no case is uraemia within the reach of instrumental inter- 
ference. Its most remediable form is when it arises from some 
temporary incapacity of the kidneys to perform their office ; 
as in suppression of the urine after scarlet fever, or in idio- 
pathic nephritis. Here we can do good by relieving the con- 
gestion of the kidneys by cupping or leeching the loins ; and 
when the patient is too weak for such active measures, by the 
application of dry cupping-glasses, poultices, and the free use 
of the air-bath. In most other particulars, the two diseases 
are to be treated alike ; and when neither offers us a chance of 
permanent cure we can in general alleviate the sufferings, and 
.prolong the life of the patient by reducing the formation, as 
well as by hastening the elimination of the urea. This may 
be accomplished by a proper selection of food and medicine. 

The remedies which enable us to control the formation, and 
hasten the elimination, of urea are the following : — Whenever 
.there is an excessive tissue waste, as indicated by an augmented 
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excretion of urea, without any yerjr apparent cause, the citrate 
of quinine and iron appears to be a most useful remedy. 
Sigmund has observed that digitalis diminishes the elimina- 
tion of urea ; and Kletzinsky, that benzoic acid has a similar 
effect, but in a much greater degree. The last-named observer 
states that the daily excretion of urea may actually be reduced 
to 2*5 grm. (38*75 grains), by benzoic acid, in the short space 
of twenty-four hours. The acetate and phosphate of soda, as 
well as colchicum, act in a similar manner (Parkes). On the 
other hand, we have several remedies which increase it. 
Thus, Sigmund found that cubebs and cantharides have this 
effect; and Parkes has noted that atropine augments its 
elimination. If we wish to diminish the urea by means of the 
diet, all that is necessary is to administer arrowroot, sago, 
tapioca, and other such starchy foods, well sweetened with 
sugar ; and when a more nourishing diet than this is demanded, 
cream, cod-liver oil, or any other &tty matters that may be 
considered suitable to the particular case, will have an equally 
good effect in reducing the amount of urea. On the other 
hand, when it is deemed advisable to increase it, animal soups, 
eggs, milk, jellies, and other nitrogenised matters, together 
with a fair portion t>f common salt, will answer the purpose. 
To these may be added coffee, but without sugar. 

In concluding my remarks on urea, I have to remind 
you how useful a knowledge of its daily excretion is in 
prognosis. Thus, it will have been gleaned from what has 
already been said regarding the amount of urea in the urine 
during the course of disease, that if, in cases of fever, such as 
typhoid and typhus, or of the exanthemata, such as small- 
pox and measles, or of inflammatory affections, such as pneu- 
monia and meningitis, a decrease in the daily elimination of 
urea is observed, it may be regarded as a most favourable sign 
for the prognosis ; for no sooner does a change for the better 
take place in these affections, than an immediate diminution 
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in the amount of the urea is observable. During con- 
valescence, the quantity is frequently below the normal 
standard. Whereas, in cases tending to a fatal termination, 
even in spite of the true febrile symptoms- having passed 
away, the daily excretion of urea still remains high. Hence 
this sign may be a valuable and truthful guide when all 
others fail. K, on the other hand, in those diseases in which 
the excretion of urea is known to be abnormally small, such, 
for instance, as paralysis, cholera, or the different forms of 
albuminuria, an iacrease in its amount during the course of 
the case is noticed, it is an equally fsivourable sign for 
the prognosis ; while, on the contrary, any further reduction 
in the amount of the eliminated urea cannot be otherwise 
regarded than a most imtoward event, as, even when the other 
symptoms have improved, it is an almost infallible iadex of 
approaching danger. ' 

Method of Estimating the Amount op Ubea. 

All that now remains for me to do is to show you the 
quickest and best method of ascertaining the quantity of urea 
contained in any given specimen of urine. This I believe to be 
Liebig's method, — ^for the employment of which furnish your- 
selves with the two following solutions, and prepared paper : — 

1st. Liebig's standard solution of the proto-nitrate of 
mercury, (d) 

Dissolve ia strong nitric acid by the aid of heat 77*2 grammes 
(1196*6 grains) of dry oxide of mercury, sufficiently pure to 
leave no residue when volatilised on a platinum spatula. 
Evaporate the solution to the consistence of a syrup, and then 
dilute it up to 1000 cubic centimetres with distilled water. 

V 

(d) The standard solutions are to be obtained from Bchacht and Hilgen* 
bei^, 38, Houndsditch ; Bullock and Reynolds, Hanover-street, Hanover- 
square. 
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If any precipitate of basic salt should form, add a drop or 
two more of the acid till it is re-dissolved. One cubic centi- 
metre of this solution precipitates 0*01 gramme (0*lo grain) 
of urea. 

2nd. Baryta solution. 

Mix one part of a cold saturated solution of nitrate of 
baryta with two parts of a cold saturated solution of caustic 
baryta, and then reduce the mixture to one-half its strength 
by adding an equal amount of distilled water. 

3rd. Impregnate a sheet of ordinary white filter paper with 
a saturated solution of carbonate or bicarbonate of soda ; dry, 
and cut it into strips six inches long and one inch broad. 
These may be kept in readiness in a wide-mouthed, stoppered 
bottle. 

The next point is the requisite apparatus, the whole of which 
is represented in Fig. 8. 

By using the above app€u*atus and proceeding in the manner 
I am now about to show you, one can easily make a quantitative 
analysis of urea in ten or fifteen minutes. I need not waste 
your time by explaining in what the superiority of the mode 
of procedure consists, as those who are in the habit of making 
these analyses will at once observe its practical advantages ; 
while to those to whom the subject is new, it signifies not 
whether it is precisely the same or totally different from the 
ordinary methods, so long as it is the quickest and best. 

Fill glass A as 1 now do to overflowing with urine ; empty 
it into one of the conical (^J glasses ; again fill it to overflow- 
ing virith the baryta solution^ which will precipitate all the 
sulphates and phosphates, and add it to the urine. Stir the 
mixture well, and then leave it for a few minutes at rest, 
while you take a filter, fold it in four, moisten it with dis- 
tilled water, and insert it into the holder (DJ placed over the 
other conical glass. Having done this, pour the mixture of 
urine and baryta solution into it, and while the filtering i^ 
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going on fill one of the Burettes (BJ with Liebig's stan- 
dard solution to the level of the first graduation. Place ready 
on the stand one of the soda papers. 

Fig. 8. 




J. A glass measure holding exactly twenty c.c. when full to overflowing. 
B. A stand containing two Burettes graduated in cubic or half cubic 

centimetres. 
C.C. Two glasses, made specially of a conical form, in order to act as a 

support to 

D. A glass filter-holder, like a candle ornament, only larger. 

E. A filter. 

You perceive that a considerable quantity of pure liqidd 
has now filtered through the paper. You need not wait 
till the whole has passed through, but at once fill the 
A measure with the filtrate to overflowing, throw away the 
remainder, and return these 20 c.c. of mixture, which of 
course contain 10 of urine, to the glass. Now add to it 
a few drops of nitrate of silver, in order to precipitate the 
chlorides, for as long as any soluble chloride is present the 
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nitrate of mercury will give no precipitate with urea. (Many- 
do not remove the chlorides unless they are in large quantity, 
as in ordinary cases they can scarcely be considered to inter- 
fere with the experiment.) I now add a drop or two of car- 
bonate of soda solution to the liquid, in order to be perfectly 
sure that it is alkaline — ^ia acid solutions the precipitate of 
mercury and urea (N05,TJr + 4HgO) does not form — and at 
once proceed gradually to add to it the standard solution until 
all the urea is precipitated, and there remains a slight excess of 
the standard solution in the liquid. This is known by a drop 
of the mixture producing a yellow stain on falling on the soda 
paper. Whenever this coloration is detected, the analysis is 
completed, and the quantity of urea in the twenty-four hours' 
urine is ascertained by the following calculation : — You per- 
ceive that we have used 50 c.c. of the standard solution to 
precipitate the urea la 10 c.c. of urine, and 50 c.o. of the 
standard solution is equal to 0*5 gramme (7*5 grains) of urea ; 
consequently as the patient passed 800 c.c. of urine in the 
twenty-four hours, we multiply the 800 by 0*5, and divide the 
result by 10, the quantity of urine analysed. The product 
represents the quantity of urea excreted in the twenty-four 

hours. 

800 X 0-5 



10 



= 40 



namely, 40 grammes (620 grains). 

N.B. — Albuminuria, — In albuminous urine the urea camiot 
be estimated till after the albumen is removed. In order to 
do so, acidulate the quantity of urine to be operated on with 
a few drops of acetic acid. Boil it rapidly for a minute or 
two over the spirit lamp, and then place it aside to cool. 
When cold, the coagulated albumen will be found deposited 
at the bottom of the vessel, and the clear supernatant liquid 
can either be filtered or decanted. It is now ready to be 
operated upon as above. 
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Albumen may also be separated &om urine by passing the 
liquid through, a filter filled with crystals of sulphate of soda. 
These have the power of arresting the albumen. 

Diabetes. — ^The presence of sugar in the urine in no way 
interferes with the analysis of urea. 

Mucus, — When urine contains a large quantity of mucus or 
other deposit, only the clear supernatant liquid is to be em- 
ployed in testing for urea. 
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URIC ACID : ITS CHEMISTRY. PHYSIOLOGY, AND PATHOLOGY ; 
ITS PRESENCE AND SIGNIFICANCE IN DISEASES OF THE 
HEART, LUNGS, LIVER, SPLEEN, AND KIDNEYS, IN GOUT. 
AND SOME OTHER DISEASES, AND AS SAND, GRAVEL, AND 
CALCULI 

Uric Acid CinH^N408; atomic eqiiivalent, 168. 

Chemistry. 

Uric acid is a TVliite crystalline, feebly-acid, (a) tasteless, 
organic substance ; insoluble either in alcohol or in ether, and 
only sparingly soluble in water. 2000 parts of hot, and 
11,000 parts of cold water are required to dissolve one part of 
uric acid. It is readily soluble in strong sulphuric acid, with- 
out undergoing decomposition, as may be proved by its speedy 
re-precipitation on the simple addition of water. 

By dry distillation uric acid is transformed into urea, 
cyanuric acid, hydrocyanic acid, carbonate of ammonia, 
aloxan, and an oily coal. Uric acid unites with bases, such 
as soda, potash, and ammonia, and forms with them crystal- 
line urates. 

Both uric acid and its salts are easily recognised by yielding 
the beautiful purpurate of ammonia (murexide of Liebig) 
when treated with nitric acid, and ammonia. The best way 
of applying the test is as follows : — ^Place a little of the 

(a) It is so feebly acid that it is unable to redden litmus. 
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suspected substance on a platinum spatula or piece of white 
porcelain, moisten it slightly with strong nitric acid and heat 
the mixture gently over a spirit lamp, till the excess of acid is 
driven off. If iiric acid or any of its salts be present the dry 
mass assumes, on the addition of a few drops of liquor am- 
monise, a brilliant crimson colour, and on the addition of 
caustic potash a purplish blue tint. 

In employing this test the only substances likely to be mis- 
taken for iiric acid are tyrosine, hypoxanthine, and xantho- 
globuline, which, according to Scherer, gave a similar reaction. 
"With these substances, however, the colour is more of a 
yellow than a red, and after incineration there is left a black 
glistening stain on the platin\im whereby they are distinguished 
firom Tiiic acid. Caffeine is said to give the murexide reaction, 
but it is a substance not likely to be confounded with 
uric acid. 

Seeing that the murexide test is not always to be relied on 
in the presence of tyrosine, hypoxanthine, and xanthoglo- 
buline, Schiff recommends freshly precipitated carbonate of 
silver to be employed. Nitrate of silver precipitated by car- 
bonate of soda, one c.c. of which gives a grey colour with 
77^00)^ gramme of uric acid. As chlorides and phosphates 
disturb the reaction, a few drops of nitrate of silver are to be 
added to the suspected liquid, quickly filtered, and then the 
carbonate of soda solution added ; the quantity of carbonate 
of silver precipitate ought not to be too great. 

The reaction can be easily sho-^Ti on filter paper in the 
following manner : — ^Dissolve a littie uric acid in carbonate of 
soda or potash, put a drop or two on paper, and add nitrate of 
silver, a distinct grey stain instantiy appears, thereby indi- 
cating the presence of uric acid. Tannic acid is the only other 
substance which gives the grey colour with carbonate of silver, 
and it can be distinguished from uric acid by the chloride of 
iron turning it black. 
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Qtiantitative Analysis. — ^To two hundred cubic centimetres 
(6'45 oz.) of urine add twenty c.c. of strong hydrochloric or 
nitric acid, (b) Stir the mixture, and set it aside in a cold 
place for twenty-four or thirty-six hours. By the end of this 
time the uric acid will have crystallised at the bottom, on the 
sides, and at the surface of the liquid, which will hare assumed 
a dark colour in consequence of the liberation of the urohae- 
matine by the acid. Collect the crystals on a small filter, wash 
them slightly with alcohol, acidulated with a few drops of 
hydrochloric or nitric acid, dry and weigh them. 

The amount found is the quantity of uric acid contained in 
200 c.c. of urine. In order, therefore, to find how much has 
been passed in the twenty-four hours, we say if 200 c.c. of 
urine contain x grammes of uric acid, what will 1000 c.c. of 
urine (or the amount passed in the twenty-four hours) 
contain? 

^ ^ ^^ -= to the quantity of uric acid passed in 24 hours. 
200 

We have next to consider the physiological and pathological 
relations of uric acid. 

Physiology. 

Uric acid is found in the liquid urines of the omnivora and 
camivora, as well as in the solid urines of serpents, birds, and 
insects. Almost the only urine in which uric acid does not 
occur is that of the herbivora. It exists in urine, combined 
with soda, potash, and ammonia. Its quantity varies greatly 
in the urines of different species of animals. For example, 
while that of serpents is almost entirely composed of it, that 
of the camivora contains but a very small proportion, (c) 



(b) Thudichum prefers the nitric, as uric acid is even less soluble in it 
than in hydrochloric acid. 

(c) I have frequently found it absent from dog's urine, when the 
animals were entirely flesh fed. In these cases the urea was always very 
abundant. 



QUANTITY IN HEALTH. 65 

Human urine stands between the two ; but even in it the 
quantity of iiric acid seldom exceeds one part per 1000 
(Lehmann). Its relative proportion to that of urea is generally 
put down as 1 to 30. 

During health uric acid is neyer absent from human urine, 
though the quantity varies very much according to the kind 
of food. In disease there is occasionally none to be detected. 

Quantity of Uric Acid passed during Twenty-four Hours by 

Healthy Adults, 

Name of observers. 
Diet. Lehmann. The Author. 

grammes, grains. grammes, grains. 

Annual . . 1-478 = 22-9 1-260 = 19-3 

Mixed . . 1-183 = 18-3 0-766 « 11-7 

Vegetable . . 1-021 = 15-S 0-600 =r 7-7 

Non-nitrogenised 0-736 » 11-3 0-340 » 6-27 

The above tables show that the quantity of uric acid daily 
excreted is greatly influenced by our food. It further appears 
that the amount depends on conditions analogous to those 
influencing the quantity of urea. 

It will be observed that, although the relative proportion of 
uric acid passed by Lehmann and myself on diflerent diets is 
tolerably uniform, yet the absolute amoimt is quite diflerent. 
The same law seems to be applicable to uric acid as is appli- 
cable to urea, namely, that the daily excretion is much in- 
fluenced by national peculiarity. 
The following table illustrates this : — 

On mixed diet. grammes, grains. Name of observers. 

Germans . . 0*939 = 14-664 Kemer. 

Englishmen . 0-766 == 11-702 TheAuthor.(d) 

Frenchmen . 0-610 = 7*906 Becquerel. 

(d) Parkes puts the mean of uric acid passed by adults during the 
twenty-four hours at 555 grammes = 8-56 grains, and the proportion as 
059 for every pound of bodily weight 
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While the influence of the kind of diet on uric acid and 
urea is much the same, that of the kind of drink is yery 
different. Thus, port wine and beer increase the elimination 
of uric acid, whereas tea and coffee diminish it, which is the 
reverse of what happens with urea. 

It is curious that the urine of human infEuits while at the 
breast is devoid of uric acid (Bird), while that of sucking calves 
possesses it (Wohler). It seems, indeed, as if the natural order 
of things was reversed, for infants' xirine is said to contain an 
excess of hippuric acid, and calTs tirine none. Some may 
doubt the fact regarding the absence of uric acid from the 
urine of the human infiEuit on account of the circumstance that 
uric acid calculi are not at all unconmion in very early life. 
This, however, arises from pathological conditions of the 
system, while the other is supposed to be due to physiological 
states. I have twice tested infants' urine — one aged ten days, 
the other eight weeks — for uric acid, and found none. 

Climate has a most striking effect on the quantity of uric 
acid passed in the twenty-four hours. Nearly double the 
quantity is excreted in winter as in simimer. Dr. G. Fringle, 
while working in my private laboratory, found that he passed, 
during summer, 0*734 grammes (11*37 grains) of uric acid in 
the twenty-four hours; and during winter, 1*39 grammes 
(21*54 grains). 

The seat of origin of the iiric acid in the animal economy is 
still a question aubjudice. One thing is, however, certain, 
namely, that it is not formed by the kidneys ; in fact, I don't 
believe that the kidneys form any of the substances they excrete. 

Uric acid, like urea, can be detected in the blood, but 
whether or not it is formed in the circulation or in the tissues 
it is exceedingly difficult to say. It has been detected in the 
brain, liver, lungs, and spleen, and, as it occurs in the spleen 
in the greatest quantity, many regard that organ as the chief 
seat of its formation. I may add that, like urea, its source 
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«^pearB to be twofold ; first, the disintegratioH of the nitro- 
genised tissues ; and, secondly, the transformation of the 
excess of albuminous food. 

Urea appears to stand in relation to uric acid as a substance 
belonging to a higher grade of metamorphosis ; for whatever 
accelerates oxidation increases the amount of the eliminated 
urea, and diminishes that of the eliminated uric acid ; while 
whateyer interferes with oxidation decreases the urea, and 
increases^ the uric acid in the urine. It has already been 
shown that urea can be artificially formed from uric acid out 
of the body, (e) as well as that uric acid is convertible into 
urea in the body of the rabbit. It may be here added that 
Stockris has found that the same thing occurs in the human 
body, (f) 

Although, as before said, uric acid is always present in 
normal human urine, it is never spontaneously deposited from 
it in a free state. And this arises from the circumstance that 
all the uric acid in healthy urine is combined with alkaline 
bases in the form of soluble salts, urate of soda, urate of 
potash, and urate of ammonia. 

In normal urine these salts are all in a state of solution. 
But whenever from any cause they chance to be in excess, or 
the water of the urine to be in diminished quantity, they are 
deposited in an amorphous state, and as such conmionly 
receive the name of urates or lithates. Bird, Bowman, and 
mostly all the writers of their time, thought that urates con- 

(e) Ranke obtained urea from uric acid by simply acting upon it at a 
high temperature with alkali in presence of a ferment. 

(f) In order to ascertain whether uric acid becomes transformed into 
urea in the human body, Stockris, whilst maintaining a uniform diet, 
took several doses of urates, carefully determining before and after the 
experiments the amounts of uric acid and urea in the urine. He con- 
cludes fh>m the results obtained, that uric acid becomes metamorphosed 
into urea within the organism, and the seat of the metamorphosis he 
believes (from experiments on the liver of animals) to be the liver. — 
Bonders, v. Berlin, vol. it, port iii., p. 260. 
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ftisted in general of the urate of ammonia. Liebig, Heintz* 
and Lehmann haye, however, shown that they most frequently 
consist of the urate of soda, which is readily distinguished 
from the urate of ammonia by its much greater solubility. If, 
for example, a small quantity of urine containing the deposit 
be put into a test tube, and a gentle heat applied, as soon as 
the temperature of the liquid gets up to, or a little beyond 
that of the human frame (100'' F.), the sediment, if consisting 
of the urate of soda, is re-dissolved, and the urine becomes 
quite clear. If, on the other hand, the deposit be composed 
of the urate of ammonia, the liquid requires to be heated to 
near the boiling point before the sediment entirely disappears. 
On rising in the morning, if I find a deposit in my urine, I 
can in general readily tell whether or not it is composed of 
the urate of soda by observing if it disappears on the addition 
of the warm, freshly-passed urine. 



Pathology. 

Deposits of urates are of a yellow or pink colour, accord- 
ing to the amoimt and kind of urohsematin present in the 
liquid. The higher the colour the more febrile the state of 
the body. At one time their presence in the urine was re- 
garded as a sign of the crisis of disease, and* hence they 
received the name of critical discharges. Modem investiga- 
tion has, however, proved that they cannot always be looked 
upon in this light, as they may also appear under a variety of 
conditions, which, although abnormal in themselves, are 
not truly diseased states, according to the usual meaning 
of the word. Thus, for example, urates may be deposited in 
the urine after a slight attack of indigestion, the result of 
over eating or drinking. Great exertion, especially if accom- 
panied by profuse sweating, will also cause them to appear. 
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Hence* we find them present in the \irine after a fatiguing 
walk, a long day's hunting, or even after a baU, or other such 
occasional amusement, especially if it has been associated with 
much mentd. excitement. Hard study, and even a fright will 
in some persons be followed by a deposit of urate of soda. A 
sudden change in the mode of life is a very common cause of 
their appearance, as, for example, confinement in town to 
country people, or a few days* residence in France to an 
Englishman unaccustomed to French dishes. Under none of 
these circumstances can the deposit be said to indicate a state 
of disease. It does nothing more than denote a temporary 
abnormal condition of system which may soon disappear with- 
out treatment. If, however, the deposit, instead of being 
merely temporary, lasts for some days, that of itself would 
denote that something more than a mere ephemeral derange- 
ment of the system is present, and may deserve immediate 
attention. A deposit in the urine is always a sign of some- 
thing being wrong, and although, as we have seen, it may 
occur from very trivial causes, whenever it takes place with- 
out appreciable cause, in the otherwise apparently healthy, it 
is a sign not to be disregarded, as, under such circumstances, 
it is not unfrequently either the forerunner or associate of 
gravel or stone. Uric acid in some form or other is the com- 
monest ingredient of all calculi, and there is no period of life 
exempt from them. 

Urates are a very common deposit in the course of acute 
disease, and they even seldom fail to recur at some period or 
other in the course of chronic affections. It is, however, only 
in diseases of an acute febrile or inflammatory type that their 
sudden appearance can be regarded as indicative of a crisis. 
Their sudden appearance is due to an import€uit change 
having occurred in the condition of the patient, and in general, 
though not always, it is a change for the better. Such, for 
example, is observed to occur in cases of gout and rheumatism 
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where the climax has been reached. So also in pneftmonia 
and pleurisy when re-solution and absorption commence. 

Should a patient, not labouring under any febrile or inflam- 
matory affection, be erery now and then troubled with a pink 
deposit in the urine without any assignable cause, it will be 
foimd, in almost nine cases out of ten, that he is suffering 
from some chronic affection of the heart, liyer, or spleen, with 
which is associated a tendency to grayel. In all such cases, 
therefore, steps should immediately be taken to counteract 
this disposition by the administration of alkaline tonics. 
Should there, howeyer, be any counter-indication to the direct 
alkaline treatment, those acid salts are to be employed which, 
during their passage through the body, are conyerted into 
alkaline carbonates — such, for example, as citrates, tartrates, 
lactates, and acetates. Eyery now and then an exceptional 
case may arise, where a mineral acid tonic is demanded, imder 
such circumstances the aboye rule may be departed from, and 
the case treated according to its special requirements. 

It not unfrequently happens that there are crystals of free 
uric acid scattered among an amoiphous deposit of urates. 
This is more frequently the case in the course of chronic than 
of acute affections, and generally arises from there being an 
excess of acid in the urine which has combined with some of 
the alkaline base and set a portion of the uric acid free. 

The crystals of uric acid form on the bottom and sides of the 
yessel as the urine cools, and, if large, they may be readily 
detected by the naked eye, in consequence of their yellow, 
red, or brown coloiir. Uric acid, like urea, when crystallised 
in urine always takes up a part of the urohsematine or any other 
colouring matter that may chance to be present. So that, the 
paler the urine, the less coloured are the crystals ; the darker 
the urine the more coloured the crystals. In abnormal urines 
containing blue, black, or saffiron-coloured pigment, the uric 
acid crystals are blue» black, or yellow ; as in these yariously- 
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coloured specimens now before you. The crystals are easily 
recognised by the naked eye if the urine be put into a wine- 
glass and the deposit allowed to fall to the bottom. 

Uric acid is not necessarily in excess when it crystallises 
spontaneously—though that is the general rule. It has just 
been said that an excess of free acid induces its crystallisation. 
I may now add that it is also deposited when from any cause 
the proportion of alkaline base is abnormally diminished. This 
arises from the circumstance that uric acid is much less 
soluble than any of its salts, even the urate of ammonia 
included. 

The daily amount of uric acid excreted varies very consider- 
ably in disease. It is generally in excess diuring the course of 
all fevers (yellow fever excepted), exanthematous affections, 
and inflanmiatory diseases. It has been found doubled in 
typhus (Parkes), greatly increased in small-pox, as well as 
considerably augmented in pneumonia. In certain diseases 
crystals of free uric acid are spontaneously deposited in the 
urine. This is more particularly the case in hepatic, cardiac, 
and splenic diseases. 

In liver affections there is frequently a spontaneous deposit 
of free uric acid among the amorphous urates, which, as already 
said, are so conmion in those affections. This is more particu- 
larly observable in cancer of that organ, in which case, too, the 
uric acid is generally in excess ; — a fact frequently made use 
of in diagnosis, for in non-malignant hepatic disease, especially 
towards its latter stages, the uric acid is found to be remark- 
ably diminished. I had once an admirable Opportunity of 
verifying this statement in a fatal case of jaundice, about 
which there was some difference of opinion as to its cause, 
some of the Medical attendants thinking it a case of cancer ; 
others of non-malignant obstruction, — the latter view being 
greatly supported by the fiEict of there being no excess of uric 
acid in the urine. This case I had the opportunity of care- 
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fully watching to its termination, and, gradually, as the liyer 
ceased to perform its normal functions, the uric acid diminished , 
until it at length totally disappeared from the urine, (g) 

T\- X- Quantity of urine Quantity of uric add 

"*^' in 24 houni. in 24 houra 

oc. OE. grammes, grains. 

November 4 . 1705 = 65 0-611 = 7*920 

December 1 . 1333 » 43 0-266 » 4-123 

„ 12 . 1023 = 33 None. 

In leucocythemia a great excess of uric acid is said to occur. 
It eren occasionally happens that a spontaneous deposit of free 
uric acid occurs in the course of chronic bronchitis, emphy- 
sema, and phthisis. This is supposed to be in consequence of 
the uric acid in the blood being imperfectly oxidised into urea. 

It will be remembered that it was already said that urea to 
some extent comes from the direct oxidation of uric acid in 
the circulation, and therefore, whatever retards oxidation tends 
to diminish the quantity of urea and increase that of uric 
acid. Hence it is that in all cases of disease attended with 
imperfect arterialisation of the blood the urea is diminished, 
and the uric acid increased. There are, of course, exceptions 
to this rule ; in December, 1859, Mr. Murray sent me some 
urine from a case of acute phthisis in which there was both 
an excess of urea and of uric acid. 

In certain pathological states of the system the quantity of 
uric acid excreted is occasionally so great that the simple 
addition of nitric acid to the urine causes an instantaneous 
deposit to occur ; a deposit which, as Beale justly remarks, is 
apt to be mistaken for albumen. On one occasion I obtained 
a copious deposit of amorphous uric acid from the urine of a 
young man aged 19, suifering from pneumonia of the right 
side. It was on the eighth day of the disease, and the first 

(g) A full report of tliis case is given in the author's work. on Jaundice 
and Diseases of the Liver and Pancreas, p. 71. 
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of the re-appearance of the chlorides. I have observed the 
same thing in phthisis, Rees has noticed it in typhoid, Parkes 
in typhus, and Beale has also obtained these uric acid pre- 
cipitates in a case of hydatid tumour of the liver, and in one 
of a man suffering from rheumatic fever. 

Free uric acid is in general yery readily recognised with the 
microscope, for although the crystals assume a multitude of 
forms, each form is well defined. 

Fig. 9 shows the forms of uric acid most frequently met with. 

Fm. 9. 




Common forms of Uric Acid. 

The crystals may be well-marked diamond-shaped plates, 
rounded lozenges, ovals, squares, or rods. They may be per- 
fectly solid or composed of condensed bundles of needle- 
shaped crystals, which are occasionally free at the ends and 
cause the crystals to resemble, in some degree, a small-toothed 
comb or a scrubbing brush. 
All uric acid crystals polarise, but the play of colours is 
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best Been in the thin flat platei. Indeed, it la aometimes 
necBsaary to place a piece of selenite beneatli the slide con- 
taining the ciyBtala in order to get the polarised coloura dil- 
tinetly, 

■When a difficnlty arises regarding the chetoical nature of a 
crystal, in consequence of it haying assumed an unusual form, 
add a drop of caustic potash, and after the crystal has become 
dissolved, neutralise the solution with a little hydrochloric 
acid, and most probably the oiic acid will re-crystallise in 
one of the more common forms. I find the colour always a 
great aid to the diagnosis, for no crystals are so prone to take 
up the colouring matter of the urine as those of uric add. 
Indeed, by far the majority of crystalline substances met with 
Fio. 10. 




Ffo. 10. — BAn forms oi uric acid. 
n human urine are perfectly colourless, ctcu when crystallised 
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The subjoined woodcut (Fig. 10) contains all the rare forms 
of uric acid crystals I have ever met with, and I think I may 
even venture to affirm that the types of all the Tarious formB 
of uric acid are represented in these two woodcuts (Figs. 9 
and 10). 

a and b in Fig. 10 are not yery uncommon. They are 
often to be met with in the urine of patients labouring imder 
hepatic disease, more especially those in which there is a 
tendency to grayel or stone, c are rare. They look like old- 
fashioned arrow-heads. Those represented were sketched 
from a spontaneous deposit in the urine of a gentleman labour- 
ing under diphtheria. Ononeoccasiontheyhad ablueish-purple 
tint, d is the rarest of all the forms of uric acid ; I have 
only once or twice met vdih it. Those giyen were sketched 
for me by Mr. Alexander Bruce, and are most faithful repre- 
sentations of the crystals, the true nature of which was ascer- 
tained by chemical analysis. These crystals were spontaneously 
deposited in the urine of a boy aged 7 years (Hospital case) 
suffering from albumenoid disease of the liyer, spleen, and 
kidneys. 

Both liyer and spleen were excessiyely enlarged, and the 
urine was highly albuminous. This leads me to remark that 
the presence of albumen influences to a certain extent the 
form of crystalline urinary deposits, especially those of uric 
acid. Crystals of uric acid are frequently deposited round 
tube casts and masses of epithelium. Sometimes they appear 
in the form of rows, as if they had been deposited in one of 
the tubuli uriniferi, and afterwards floated out with the urine. 
This is not at all improbable, for be it remembered that, under 
certain pathological conditions which in this country are» 
unfortunately, far from rare, deposits of uric acid, either free 
or combined, take place in all parts of the urinary passages — 
in the urethra, in the bladder, in the ureters, or in the kidneys* 
The deposit may occur in the form of sand (as Bee^ in this 
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beautiful wax model), as grarel (as represented in this drawing), 
or as calculi (as seen in this preparation). 

Uric acid calculi, although most common in early life, may 
occur at all ages from birth upwards. 

Infants have been bom with stone in the bladder. Here are 
three well-formed calculi, as large as barleycorns, that were 
found by Mr. Sh^herd, of Great Portland-street, in the right 
kidney of a child aged ten months, about the cause of 
whose death I was consulted by the coroner in consequence of 
her having died suddenly after drinking some porter. 
. This, on the other hand, is the kidney of a gentleman over 
60 years of age, and it contains no less than fifty-nine small 
stones, mostly, as you see, about the size of garden peas. 
Curiously enough, the right kidney contained none, nor was I 
able to detect any in the bladder. In both this case and that 
of the child the calculi consist of uric acid. 

Uric acid are the most common of all calculi. Of one 
hundred and twenty-six of the calculi in the museum of 
University College analysed by me a few years ago, eighty- 
seven consisted of uric acid either in whole or in part. 

As xegards the treatment of uric acid calculi, I may here 
aajT A few words. 

When the calculus is in the urethra or bladder, cutting or 
erushing, if the condition of the patient admits of it, ought 
immediately to be had recourse to. But when the calculus is 
in the lureter or kidney, it is imfortunately beyond the reach 
of any instrumental interference ; and in the majority of such 
cases, if the stone be large, incurable. Should, however, the 
ease be seen in the early stage, it is in our power, not only 
to arrest any further deposit, but even, by suitable remedies, 
to some extent, re-dissolve what has already formed, more 
particularly if it be in the shape of sand. When, however, 
a large solid stone has formed, palliation, not cure, is all that 
ean be hoped for. 
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The remarks ncfw made are limited entirely to uric acid 
calculi ; for, as you will afterwards see, there are some calculi 
of so soluble a nature as to admit of removal by dissolution 
even when in an advanced stage of formation. 

Various remedies have been resorted to with the view of 
retaining any excess of uric acid in a soluble state until after 
its expulsion from the body. Carbonate of soda has been much 
used for this purpose, also the bicarbonate of potash, and more 
recently the carbonate and citrate of lithia. Each of these 
remedies is useful, as, indeed, all alkaline carbonates are, with 
the exception of that of ammonia. The carbonate of am- 
monia should be avoided in the uric acid diathesis on account 
of the salt which it forms being much less soluble than any 
of the others. 

In treating cases of uric acid deposit, it is unnecessary to 
render the urine more than neutral. Indeed, there is a danger 
in making it alkaline from the circumstance that phosphates 
have a great tendency to form round uric acid calculi (as is 
seen in these twelve specimens of various shapes and sizes 
now on the table), and whenever the urine becomes artificially 
alkaline, although the deposition of uric acid is interrupted, a 
deposit of triple phosphates takes its place. The stone, there- 
fore goes on forming as rapidly as before, the only difference 
being that its nature is changed. 

In cases where the alkaline carbonates are coiinter-indicated, 
citrates, tartrates, or acetates may be used in their stead, for 
the reasons before given. Some have imagined that uric acid 
gravel only appears in urine of the well-fed and corpulent. 
This is a great error. It equally occurs in that of the poorly 
nourished and emaciated, the only difference being that it is 
more common among the former than among the latter. In 
this urine, you perceive, there is a copious deposit of uric 
acid. The bottom of the glass looks as if it had been 
sprinkled over with a layer of yellow sand ; yet this is the 
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iLrine of a delicate, anaemic lady, with a miserable appetite. 
In her case the deposit appears to be hereditary — at least, her 
fjEither is said to have suffered from grayel. 

The most remarkable illustration, however, that I can give 
of the truth of the above statement is furnished by the sand 
and gravel in this paper, which was passed by a patient of Mr. 
Ramsbotham, of Amwell-street. The gentleman who passed 
it was not only out of condition, but was actually on what 
might be called starving diet. The following is the brief history 
of the case, kindly furnished to me by Mr. Ramsbotham : — 

" An officer in the army, upwards of 60 years of age, who 
had seen active service in every quarter of the globe, on his 
return from India by the overland route, deviated from the 
usual track for the express purpose of restoring his shattered 
health in the hydropathic establishment of Prisnitz, in Silesia. 
He remained there some weeks; but failing to have his 
juvenility restored, he repaired to a rival establishment a few 
miles distant, in which a directly opposite mode of treatment 
was adopted. Instead of using water freely, both internally 
and externally, as in the other establishment, in the latter 
very little food and no water was allowed, so long as the 
patient's strength would permit the deprivation, and then, 
perhaps, only at distant periods would a wineglassfiil of water 
be given. The urine passed was scanty in quantity, and, when 
simply filtered, Uft on the paper the powder, of which this is 
a portion." 

On analysis, I found that the powder and small concretions 
consisted of uric acid, and urate of soda, with a very small 
quantity of urate of ammonia. 

Enough has now been said regarding uric acid in excess ; 
we shall therefore turn our attention to the equally important 
fact, that under certain pathological conditions its formation 
is diminished. We are not yet in a position to speak confi- 
dently regarding the nature of all the conditions, but we are 
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sufficiently familiar with the fiict that the elimination of uric 
acid by the urine is diminished in the following diseases, and 
that it is to some extent under the control of remedies. In 
yellow (Porcher) and remittent (Parkes) fevers the excretion 
of uric acid is much decreased. In diabetes it is likewise 
found to be reduced to a minimum. Lehmann, indeed, thinks 
that In diabetes it is replaced by hippuric acid ; but although 
I have frequently yerified the former, I have as constantly 
failed to confirm the latter statement of Lehmann' s. In the 
case of saccharine urine from injury to the head (p. 51), 
during the first few days there was a total absence of uric 
acid in the man's urine. In albuminuria I have frequently 
found the uric acid greatly diminished, and absolutely wanting 
in two cases. It is said also to be deficient in the urine of cholera. 
In chlorosis, anaemia, and hysteria it is likewise decreased. 
The excretion of uric acid is diminished before the outbreak of 
the paroxysm of gout, but in this case it is known to accumu- 
late in the blood. Dr. Garrod has frequently obtained crystals 
of uric acid from the senmi of the blood of gouty patients. 
His method is to take from one to two fluid-drachms of the 
serum of blood, and put it into a flattened glass dish or cap- 
sule, about three inches in diameter, and one-third of an inch 
in depth ; to this is added ordinary strong acetic acid, in the 
proportion of six minims to each fluid-drachm of serum, 
which usually causes the eyolution of a few bubbles of gas. 
When the fluids are well mixed, is introduced a yery fine thread, 
consisting of from one to three ultimate fibres, about an inch 
in length, from a piece of unwashed huckaback or other linen 
fabric, which should be depressed by means of a small rod. 
The glass is then put aside in a moderately warm place, until 
the serum is quite set and almost dry ; the mantel-piece in 
a room of the ordinary temperature answers very well, the 
time yarying from twenty-four to forty-eight hours, depending 
on the warmth and dryness of the atmosphere. 
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In normal blood the acid occurs in such small quantity that 
it is scarcely possible to detect it. 

Uric acid has also been obtained from the serum of a blister 
placed on a gouty patient, but not when it has been placed 
over the goutily inflamed part (Garrod). Both before and 
during the attack of gout the uric acid is diminished in the 
urine, but no sooner does convalescence begin than it rises 
even beyond the normal standard. Prom the twenty-four 
hours' urine of a convalescent patient, who was under Dr. 
Farkes in the University College Hospital, I obtained no less 
than 1*15 grammes (17*825 grains) of uric acid — double the 
amount the man would probably have passed under similar 
circimistances had the uric acid not been retained in his 
system before and during the paroxysm. 

During the last two years I have had, at intervals of about 
three or four months, a patient, aged 65, under treatment, 
who has been a martyr to very severe paroxysms of gout for, 
at least, twenty years. All the joints of his hands and feet 
are distorted &om deposits, and he has no less than four well- 
marked concretions of the urate of soda in his right ear. This 
man's urine has been carefully analysed on several occasions, 
and the following is a sample of the results. The attack I 
now allude to began on November 15, 1863, was at its height 
on the 21st, and had disappeared on December 10. 

Twenty-four Hours* Urine. 

November 18, November 21, December 7, nearly 
Third Day. Climax. Convalescent 

Quantity. . 2000 c.c. 1062 c.c. 1620 c.c. 
Specific gravity 1011 1010 1008 

Uric acid. . 0*095 0*023 0*178 

On the third day of the attack he came to the Hospital, 
which was November 18, and was put upon the following 
mixture :—${). Vini colchici, 5S8. ; liq. potassee, mTi.; Aquae, 
5ss., M., ter in die. 
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It would appear, then, as immediaj;ely after the gouty 
paroxysm has passed the uric acid increases in the urine, the 
increase of that ingredient in the course of the paroxysm 
ought to be considered as a favourable symptom. 

The gouty deposits commonly called chalk stones, and 
which are so frequently met with in the ball of the great 
toe, in the joints of the fingers, and in the lobes of the ears 
(of men), in all cases of long standing, are not chalk at 
all, but consist of crystals of urate of soda (Garrod). As 
can be readily ascertained by picking out, with the point 
of the lancet, a minute portion firom under the skin, and 
examining it with the microscope. If a sufficiently large 
piece can be obtained, it may be tested for uric acid by means 
of heat, nitric acid, and ammonia, in the manner described at 
page 41. 

A deposit of urate of soda in the cartilages of the joints 
* precedes or accompanies every attack of gout.. Hence arises 
the necessity of freeing the system of this product. Some 
persons have thought, that as colchicum — the fsivourite remedy 
for gout — instead of increasing the excretion of uric acid, 
diminishes it, and not it alone, but even the urea, the benefits 
derived from this agent must, if they are not entirely ima- 
ginary, be due to some different cause than its action upon 
uric acid. I believe, however, that colchicum does act upon 
the tiric acid, but not, as is usually imagined, by merely 
affecting its excretion. On the contrary, it appears to 
me that by some means or other it arrests its formation, and 
that it is on this account that an occasional dose of colchi- 
cum during the intervals is found to ward off the attack of 
gout. 

Dr. Banke has shown that the formation of uric acid is 
diminished by quinine, and Dr. G. Pringle, while working in my 
laboratory, made some experiments upon himself, the results 
of which are quite confirmatory of Dr. Hanke's views. 

6 
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January, 1858. G. P., age 24, healthy and well dereloped. 
TioenXy-fowr Hours' Urine. 



Diet 


Quantity 
of urine. 


Sp. gr. 


Reaction. 


Quantity of uric 
acid. 




cc. 






gnunmes. grains. 


Mixed; drink only water. 










neither tea nor coffee . 


656 


lOSl 


acid. 


1-89 = 21-545 


After taking during fiye 










days 10 grains oi quinine 










daily; food and drink 










as before 


665 




t> 


0-724 = 11-222 


The same after seven days 










of quinine treatment . 


602 




it 


0-5n = 8-945 


The effect of the quinine die 


I not pass off immediately. 


Diet as before; quinine 










discontinued for two 










days .... 


600 


1036 




0-66 = 10-230 


Do., do., do., three di^ . 


525 


loss 


» 


0-792 = 11-276 



Quinine combined with colchicum was Bequerel's fayourite 
prescription for gout. Curiously enough, too, he used to 
combine it with digitalis, another substance which has the 
effect of diminishing the uric acid. A good ibrmula is — yi> 
Ext. colchid, gr. x. ; digitalini, gr. i ; quinae sulphatis, 9j ; 
conf. rosse, q. s. Fiat massa et divide in pilulas, x^*. ; sumat 
unam ter in die. 

While in Munich, a few years ago, when talking to Pro- 
fessor Pfeuffer regarding his treatment of gout, he told me 
that he found the acetate of potash a good remedy, and it so 
happens that this also has the effect of HimiTiiahing the 
amount of urea and uric acid in the urine ; and, as I said 
with reference to colchicum, I belieye it is not simply the 
elimination of these substances which is arrested, but their 
actual formation that is checked. 

I have already pointed out how animal diet increases uric 
acid. I may mention that there are certain other remedies 
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besides those already spoken of, which diminish the formation 
of uric acid ; these are atropine and cod-liver oil. Tea and 
coffee produce the same effect. On the other hand, there are 
some which, although they do not diminish its formation, yet 
lessen the quantity in the system by increasing its elimination 
from the body. Among these may be mentioned the phos- 
phate of soda, and the liquor and bicarbonate of potash. 
Both in the urine of gout and of rheumatism the uric acid 
has been found increased after the administration of liquor 
potassse, as well as after a few doses of the simple carbonate of 
potash, and it is not at all improbable that the beneficial action 
of these remedies in the above-named diseases may in a 
measure be due to their hastening the neutralisation and 
elimination of the acid. Indeed, were I asked to give an 
idea of the pathology of gout and rheumatism, I would say 
that all our knowledge as yet tends in one direction — namely, 
to show that both gout and rheumatism are due to the pre- 
sence of an abnormal amount of acid ui the system ; most 
probably uric acid in the one case, lactic acid in the other. I 
have repeated Kichardson's experiments of injecting lactic 
acid under the skin of dogs, and although not always successful, 
have on three or four occasions produced artificial articular 
rheumatism. On one occasion I even got the endocarditis h^ 
has so ably described. 

Uric acid is not only eliminated by the kidneys, but by the 
skin, and even by the lungs ; so that, by increasing the action 
of the skin and pulmonary exhalation, we may aid its elimi- 
nation from the blood. Experience has shown that whatever 
interferes with cutaneous transpiration augments the quantity 
of uric acid in the urine. The effect of cold has been already 
alluded to. Skin diseases have a similar effect. In eczema 
and psoriasis, uric acid increases in the urine, and in the 
pustules of pemphigus crystals of it have been detected 
(Malmeston). In the urine of a severe case of pemphigus, 
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under the care of Br. Hughlings Jackson, wHch he sent to 
me to examme, I found 17 grains of uric acid to the 32 oz. 
The urine was of a dirty brown colour, with a yerjr acid reac- 
tion, and had a specific gravity of 1023. 

With regard to the influence of alcoholic drinks, beer in- 
cluded, it is interesting to observe how they lessen the urea 
and increase the uric acid in the urine ; whereas, with tea and 
coffee, the reverse occurs : they lessen the uric acid and increase 
the urea. Then, again, there are substances which act similarly 
on both uric acid and urea. The acetate of potash, colchicum, 
quinine, and cod-liver oil, for example, diminish, while bicar- 
bonate of potash and liquor potassae increase both. 

These facts furnish us with several hints which may be 
turned to good account in practice. Kemedies we possess 
in abundance, if we only knew how to apply them. 

When I hear men saying that the medicines they are 
employing are little better than useless, it often occurs to me 
that they are, perhaps, not far vvrrong, although the want of 
success may not be, as they "vainly" imagine, due to the 
impotence of remedies, but to the want of knowledge and 
judgment brought to bear on the employment of them. A 
man needs only to pay a little attention to the teachings of 
physiology to learn what powerful weapons nature has put 
into his hands. Like all weapons, however, they may be 
turned to good or to evil account, according to the knowledge 
or the inclination of their employer. I would even venture to 
suggest to our sceptical brethren that it would, perhaps, be 
wiser if, before passing judgment on any particular remedy, 
they first made themselves familiar with the how, when, and 
wiiy to employ it. 



LECTURE V. 



HIPPURIC ACID, IN HEALTH AND IN DISEASE.— CHLORIDE OF 
SODIUM : ITS USES IN THE ANIMAL BODY, THE AMOUNT 
IN THE URINE DURING DISEASE, AND ITS EFFECTS AS A 
REMEDY. 

HiPFUBic Acid C^gHgNOe. 

Chemistbt. 

HiPPUBic acid is a beautiful white, crystalline, slightly acid 
body. The crystals are, in general, rhombic prisms, columns, 
or long fine needles. Occasionally they are massed in doye- 
tail-shaped fans. It is soluble in alcohol, ether, and water. 
Its aqueous solution is sufficiently acid to redden litmus. 
Hence it is a much stronger acid than uric acid, and possibly 
it greatly contributes to produce the acidity of normal urine. 

The only other urinary sediment which is at all likely to 
be confounded with hippuric acid is that of the triple phos- 
phates. The crystals of hippuric acid, however, are easily 
distinguished from those of the latter substance by their 
occurring in acid urines ; while triple phosphates are only to 
be found in alkaline, or at least neutral liquids. In cases of 
doubt all that is necessary is to add a drop of hydrochloric 
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acid, which dissolves the phosphates and leaves the crystals 
of hippuric acid intact. 

When directly crystallised from human urine, hippuric acid 
is dark coloured, in consequence of its combining with the 
urohsematin and other pigments present in the excretion. 
It can, however, be readily obtained pure by repeated crystal- 
lisation, or by passing its solution through charcoal. 

By the process of fermentation, hippuric is transformed 
into benzoic acid, which crystallises in flat, white, shining 
plates. When urine decomposes, the .hippuric acid is thus 
changed. Hence the difficulty of finding it in stale urine. 

If a few dry crystals of hippuric acid be heated in a test- 
tube, they partly sublime into benzoic acid, which collects on 
the cold portion of the tube, and partly form nitro-benzole, a 
red liquid with a fine prussic acid-like fragrance, resembling 
that of bitter almond oil. This odour is readily obtained 
from a very few crystals, and affords an excellent means of 
ascertaining the presence of hippuric acid. 

Benzoic acid contains no nitrogen, whereas hippuric acid 
does, as can be easily shown by heating some, along with a 
mixture of caustic soda and lime, in a test-tube, when the 
nitrogen is given off in the form of ammonia, which can be 
recognised by its smell and by its turning white paper, 
moistened with a solution of the subnitrate of mercury, black. 
I have particularly mentioned the fact of hippuric acid 
being at once transformed into benzoic acid (out of the body) 
by the mere application of heat, because, when benzoic afid 
is taken internally, either as a remedy or for experiment, the 
animal body reconverts it into hippuric acid. Hence the 
tissues or blood, or some other part of the frame, must possess 
the power of yielding up the requisite quantity of nitrogen, 
to transform the one substance into the other. 

Method of Analysis, — Evaporate rapidly, with constant 
stirring, from 800 to 600 c. c. (from eighteen to twenty ounces) 
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of urine to nearly dryness. When cold, filter and add to the 
syrupy liquid from ten to twenty drops of concentrated hydro- 
chloric acid. Stir the whole, and then extract the hippuric acid 
with pure ether, to which ten per cent, of absolute alcohol 
has been added. On slowly evaporating the etherial solution, 
the crystals of hippuric acid are deposited. 

If a urinary sediment consists of both uric and hippuric 
acids, and it be deemed desirable to separate them, all that is 
necessary is to boil the sediment in alcohol slightly acidu- 
lated with hydrochloric acid, and filter the solution. The 
hippuric acid goes through, and may be obtained from the 
filtrate by simple evaporation. The uric acid remains on the 
filter. 

Physiology. 

Although Liebig discovered hippuric acid in human as well 
as in herbivorous animals' urine, it was for a long time thought, 
as it o<curred in such small quantity in the human urine, that 
its presence there might be regarded as accidental. The 
recent researches of Weissmann and of Hallwachs (made in- 
depeniently of each other) have clearly shown, however, that 
normtl human urine contains a much larger quantity of hip- 
puric acid than was formerly imagined. In fSeict, they have 
fount that we pass more hippuric than tuic acid, and the 
reasoL why we remained so long ignorant of this important 
fact s no doubt in consequence of hippuric acid being so 
exceedingly soluble in water, that it is rarely, if ever, to be 
fouid as a spontaneous deposit. 

Hppuric acid, until quite recently, was in general regarded 
as tie crystalline organic acid characteristic of vegetable diet. 
A iew which can no longer be entertained, since Weissmann 
has shown that its presence in human urine does not solely 
de]end on the kind of food, although, as might be expected, 
thcdiet has an important influence on its quantity. 
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The following table gives the result of his analyses :^ 

Diet Hippuric Acid in the Twenty-four Hours' Urine. 

Mixed . . .2*17 grammes » 33*635 grains 
Animal. . . 0*766 „ «» 11*857 „ 
Bread and water . 0*65 „ as 10*075 „ 

The largest amount of hippuric acid passed in the twenty- 
four hours is always found to follow a purely yegetable diet, 
although not entirely dependent on it. Certain fruits have a 
yery marked effect in increasing the amount of hippuric acid 
in the human urine. Liicke specially calls attention to this 
fact. Cranberries and blackberries he found greatly inaeased 
it ; and more recently, Thudichum and others have i&ade a 
similar statement with regard to plums. 

As was before hinted, it has been shown that the hippuric 
acid found in the urine does not all come from the yegetable 
food. The researches of Weissmann haye proved, as leen in 
the above table, that on an animal diet more hippuric tcid is 
passed than on a simple bread-and- water diet. This o;>inion 
is still further strengthened by the fact that Dessaigne has 
succeeded in forming hippuric acid artificially. Moitover, 
benzoic acid, which can be obtained by the action of oitric 
acid on protein substances, is, as was first pointed out bi Mr. 
Ure, transformed in the human body into hippiiric acid. Any 
one can readily convince himself of the correctness oi this 
last statement by taking ten or twelve grains of benzoic acid 
at bed-time, and looking for hippuric acid m the moning's 
urine. In order to be successful in the search, all thit is 
required is to add a few drops of hydrochloric acid to the 
urine, and then concentrate a little of it to the consisteno- of 
a syrup. While cooling, fine crystals of hippuric acid f^m 
in the vessel ; and they can be easily detected with the mico^ 
scope. 

The subjoined figure represents the various forms of cry$al 
usually met with when the acid has been directly crystalli^d 
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from urine. The 6ne needle-shaped ones, either separate or 
combined in stellate groups, are the most common. Sometimes 
they form perfect rosettes. 

Fig. 11. 




Hippnric acid from hmnan tmne. 

Masck found that horses kept standing in the stable pass 
very little hippuric acid, but large quantities of urea, while I 
made an exactly similar observation regarding our London 
stallrfed cows. Exercise, therefore, seems to increase the 
amoimt of hippuric acid and diminish that of the urea excreted 
Ifl herbivorous animals. 

Hippuric acid, like urea and uric acid, is a normal consti- 
tuent of the healthy blood of the ox (Yerdeil), and I have 
little doubt, on careful analysis, it will be found in the blood 
of all other animals in whose urine it normally occurs. 
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Patuoloot. 

As yet we know yery little regarding the pathological im- 
portance of hippnric acid ; hut the following are a few of the 
best ascertained facts : — 

Heryier has detected hippuric acid in diseased human blood, 
and Schlossberger in the scales taken from the human skin in 
a case of ichthyosis. 

In diabetes I have found the quantity in the urine almost 
always increased. Lehmann, indeed, thinks that it replaces 
the uric acid in that disease, but this I know is incorrect. 
Although the salient fact remains that in diabetes the hippuric 
acid is augmented, while the uric acid is diminished in 
human urine. 

In the urine of typhus patients it is increased ; Indeed, Dr. 
Parkes, in generalising from the experiments of oliters, says, 
that as a rule, the hippuric acid is increased in all febrile 
affections. Hippuric acid appears also to be increased in 
chorea (Parkes). 

There are certain remedies which have a yery marked eflect 
on the quantity of hippuric acid eliminated by the urine. 

Kletzinsky (Canstatt, 1869) finds that after taking benzoic 
acid internally the urea is diminished to 2*5 grammes, or 38*75 
grains in twenty-four hours, and the hippuric acid increased 
to the enornK>us quantity of 9'd grammes, or 147*25 grains. 
Consequently there is only 0'3 granunes less nitrogen excreted 
than under normal circumstances. ■ 

The balsam of Peru when taken internally has also a miazked 
effect in augmenting the excretion of hippuric acid. * 

On the other hand« when hippuric acid is taken intemall|^, 

it passes into the urine unchanged. Kiihne has made the 

interesting obseryation, that benzoic acid, when giyen to 

jaundiced patients, is not transformed into hippuric acid, and 

concludes therefrom that the seat of the transformation must 
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be in the liyer, but further researches are much wanted on 
this point, as indeed upon all others in connexion with the 
amount and relations of hippuric acid in the human urine. 



Chlobide of Sodium, Cl. Na. Common Salt. 

The physical properties of chloride of sodium need no 
description, so I shall at once enter upon its 

Chemistry. 

The presence or absence of chlorides from the urine is very 
readily ascertained in the following maimer : — 

To a little urine in a test tube, add a drop or two of nitric 
acid, and then a few drops of a solution of nitrate of silyer ; 
the immediate formation of a white precipitate indicates the 
presence of chlorides. If only traces of chlorides are present 
the urine merely becomes milky. The precipitate may be 
still further proyed to consist of chloride of silyer by its 
being soluble in ammonia and re-precipitated on the^ addition 
of nitric acid. 

Quantitative Analysis, — ^The amount of chlorides in the 
urine is best estimated with a standard solution of the nitrate 
of silyer. The solution is prepared in the following maimer : — 

Ist. Dissolye 29*063 grammes (450*476 grains) of chemically 
pure fused nitrate of silyer in 1000 cubic centimeters (32*23 oz.) 
of distilled water. 1 c. c. of this solution is equal to 0*01 
gramme of chloride of sodium and to 0*006 gramme of hydro- 
chloric acid. 

2ndly. Prepare a cold saturated solution of neutral chro- 
mate of potash. 

Being proyided with these solutions, employ the same 
apparatus as was used in estimating the urea (p. 59), and 
proceed as follows : — 
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Take 60 c. c. of -urine, and if necessary, render them 
neutral by the addition of a drop or two of carbonate of soda 
solution. Then add four or five drops of the saturated solu- 
tion of the chromate of potash, after which nothing more 
remains to be done but to pour into the urine the standard 
solution of nitrate of silver drop by drop until the red chro- 
mate of silver makes its appearance. As soon as the red 
colour shows itself the operation is completed, and all that is 
required is to see how much of the standard solution has been 
used, and make the calculation accordingly. 

If 2(1 c. 0. of standard solution were requisite, and 1 c. c. is, 

as we have said, equal to 0*006 granmie of hydrochloric acid, 

the 50 c. c. of urine must have contained 0*12 granmie of 

hydrochloric acid. Supposing, now, that the patient made 

1000 c. c. of urine in the twenty-four hours, it is evident that 

he must have passed 2*4 grammes of hydrochloric acid, for 

1000x0*12 

=2*4 grammes. 

60. 

Physiology. 

Common salt plays an important part in the human 
organism. It is found in every animal fluid and solid, and 
seems to be quite indispensable to the development and 
growth of the body. The presence of this substance in the 
different fluids and tissues is not merely accidental, for it is 
in a state of chemical combination with the constituents of the 
flesh and blood. This is proved by the impossibility of sepa- 
rating the salt from many of them by mere washing, and by 
its being invariably found in their ashes. 

It is highly probable that chloride of sodium takes an 
important share in the metamorphosis of the animal tissues by 
adding to the solubility of some, and preventing the decompo- 
sition of others. For example, it dissolves pure casein, assists 
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in retaining albumen in a liquid state,* and has the power of 
preventing the coagulation of the fibrin of the blood. While 
these effects may be regarded as the result of chemical action, 
there are others, no less important, which appear to be depen- 
dent upon its physical properties. It has, for instance, a 
powerful influence upon the colour of the blood, and Scherer 
thinks this is due to its mechanical relations. The bright and 
dark tinge of blood, he says, principally depends upon the 
form of the blood-corpuscles ; when they are biconcave the 
^lood is of a bright colour, when biconvex of a dark hue. 
The form of the corpuscles again depends chiefly on the 
endosmotic relations existing between their contents and the 
fluid in which they are suspended, and this is materially 
influenced by the amo\int of chloride of sodium present in the 
circulation. 

I cannot venture entirely to endorse this view, for the 
simple reason with which you are all familiar — namely, that 
blood changes its colour when shaken with air and carbonic 
acid alternately, quite independent of the amount of chloride 
of sodium contained in it. 

Although the quantity of chloride of sodium present in 
the system varies at different times, yet, like all the other 
important constituents of the &ame, it obeys established laws 
which regulate the amount. In fact, if we examine into the 
source from whence the body receives its supply, we shall at 
once find that the quantity present in the blood must be 
subject to great fluctuations. The salt is very generally disr. 
tributed over the earth, in the animal, vegetable, and mineral 
kingdoms, and, consequently, finds its way into our bodies 
with the food and drink. All civilised nations \ise salt very 
largely as a condiment, and some say that the amount so em- 
ployed is far greater than the wants of the system demand, 
for they believe that the food and drink furnish the requisite 
quantity to the organism. There are others, again, who hold 
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an opposite opinion, * which they rest upon the fact that 
certain tribes in the interior of AMca willingly exchange 
gold-dust for an equal weight of salt, and that whole herds of 
animals trarel miles and miles to drink at the salt springs, 
thus proying that the system must feel an inordinate want of 
that substance. 

Those who take the opposite yiew assert that, so far from 
the system feeling a want of it, there are whole tribes in 
South America and elsewhere flourishing without even the 
knowledge of the existence of salt. 

This mode of reasoning appears to me most unphilosophical, 
for each party seems entirely to overlook the source from whence 
the food receives its supply. Is it not the soil which furnishes 
the chloride of sodium to the water and to the plants, and 
from them to the animals we consume ? Now, if the soU in a 
particular district be poor in that material, the water and the 
vegetables will contain a minimum quantity — ^perhaps insuffi- 
cient for the wants of the human body, as well as for the 
wants of the herbivorous animals. We know very well 
that mineral substances are distributed unequally over the 
earth, and it is quite probable that there is plenty of salt in 
South America, and yet not enough in the Interior of Africa ; 
and thus it is not in the least degree surprising that the negroes 
in Africa should value salt more than they value gold-dust, and 
that the cattle, feeling an equal want, but being unacquainted 
with any system of barter, should travel thousands of miles to 
supply themselves with a substance which they cannot other- 
wise obtain. In civilised countries we have not the same faci- 
lities of ascertaining whether or not our food contains sufficient 
salt, for we always add a quantity in order to please our palates. 
There is one thing that makes me think the soil of this country 
scarcely contains sufficient, and that is, that oxen fatten better 
and quicker when salt is added to their food, so long as too 
great an excess is not given. Yet no one can doubt but that 
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we take far more than we require, for there is always a Tery 
large amo\int present in the urine, — a quantity greater than 
could result from the elimination of the merely effite material ; 
and the more salt we eat, the greater is the amount excreted 
by the kidneys. 

When salt is injected into the blood it is rapidly eliminated 
from the system by the saliva, the mucous membranes, and 
by the kidneys, which elimination would not occur so rapidly 
did the system require it. 

The uses of salt in the animal economy must be manifold, 
for, as before said, it occurs everywhere. One remarkable 
thing is, that while the chlorine is chiefly combined with soda 
in the blood and all the different fluids of the body, it is prin- 
cipally united with potash in the muscles. 
- Lehmann lately advocated the idea that salt plays a most 
important part in cell development, and supported the view 
with many ingenious arguments. That it has important uses 
is evident enough, but to indicate them individually is very 
difficult. It seems to have an influence, as already said in a 
previous lecture, on the excretion of urea, for where much 
salt is eaten an excess of urea appears in the urine. The two 
substances, in fact, constantly go together, for in the sweat, in 
the blood, in the humours of the eye, in the flesh, and in 
the urine they are always found together, (a) 

In starvation, where no salt is taken into the system, none 
is found in the urine, so it seems as if the body felt an absolute 
want of it, and held back what it had until it received a fresh 
supply. 

During health the amount of chloride of sodium excreted 
by the kidneys is always less — (Bischoff says J, Kaupp 5) — 

(a) Beale says that the presence of iirea in the urine causes common 
salt, which usually crystallises in cubes, to crystallise in octohedra, and 
chloride of ammonium, which crystallises in octohedra, to crystaUise iu 
cubes. 
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than what is taken into the stomach ; and this is easily enough 
understood, as a quantity of it is decomposed, the chlorine 
going to form the hydrochloric acid of the gastric juice ; the 
soda, the glycocholate of soda of the bile. Besides this, a 
quantity of it must pass away with the feces, as well as a 
little be lost by the sweat, and other excretions, all of which 
contain chloride of sodium. Then, again, in the growing 
animal a portion must also remain in the system to assist in 
building up the frame, into the composition of which it so 
largely enters. 

The quantity of chlorine passed in the twenty-four hours' 
urine is variously given by different observers. Farkes, after 
comparing the statements of different authors, puts down 
the mean amount at 8*21 grammes, or 126*76 grains, in the 
twenty-four hours, but I agree with him in thinking that 
these figures are too high ; about 5 grammes, or 77*5 grains, 
of chlorine appears to me to be the average amount passed 
by Englishmen. 

Pathology. 

The quantity of chlorine daily excreted varies very much 
in disease, and in certain affections the variation is attended with 
such a marked change in the symptoms of the disease that the 
state of the one may almost be guessed at from a knowledge 
of the condition of the other. 

In certain affections, as first pointed out by Heller, there is 
not only a diminution, but sometimes an absolute absence of 
chlorides from the urine. This is more particularly observ- 
able in inflammations with exudation, such, for example, as' 
pnemnonia. During the course of the pulmonary hepatisation 
the chlorides may be totally deficient for two or three days 
together, but no sooner does resolution occur, and the redux 
crepitation over the diseased part become perceptible. 
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than, they are again detectable in the iirine. At first it 
was thought that the diminution of the chlorides in. the 
urine during the course of pneumonia and other acute inflam- 
matory affections might be explained on the ground of the 
low diet to which the patients are usually in such cases 
subjected. This has, however, been ascertained not to be the 
case. Folwarczny found that in the urine of a patient who, 
for the purpose of experiment, partook of an abundance of 
salt with his food — salted soup, salted meat, and salted water 
— ^no chlorides could be detected during the exudative stage 
of the disease. The absence of chlorides &om the urine in 
inflammatory affections, therefore, is due to some other cause 
than their mere diminution in the ingesta, although that 
diminution also exerts some influence on the result. Beale 
made the interesting observation, that in cases of pneumonia 
where no chlorides are to be detected in the urine, the sputa 
contains them in abundance. 

Chlorides are occasionally absent in fevers. Farkes found 
them totally absent in typhus, greatly diminished in typhoid 
and in pyaemia, and somewhat reduced in erysipelas. In the 
urine now before me from a case of acute phthisis (a) they 
are entirely absent. 

The absence of chlorides &om the urine may also aid in 
the diagnosis of cases of heart disease. Folwarczny, while 
studying the urine in a case of acute articular rheimiafism, 
observed one day that the chlorides suddenly disappeared, 
while a small quantity of albumen became detectable^ and on 
that day an attack of pericarditis came on. 

(a) In this case, curiously enough, while the chlorides were absent, the 
urea was very greatly diminished. In a case of pneumonia in a lad, aged 
19 (Hospital case), the absence of chlorides was immediately followed by 
an excess of uric acid ; such an excess, too, that the simple addition of 
nitric acid to the urine produced a copious deposit of amorphous uric 
acid, which at first sight was mistaken for albumen. The lad had been 
leeched, and was taking antimony. 

H 
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Chloride of Bodiuxn is greatly diminished in choleraic urine. 
When it begins to increase in a case of cholera, it is a most 
favourable symptom, as much or eren more reliable than the 
increase of urea. — (Buhl, quoted by Farkes.) 

It is far less conmion to find the chlorides increased than 
diminished. Ringer and Farkes found them increased from 
ten to twenty fold in the cold and hot stages of ague ; but, 
although increased at these times, there was still no total 
increase in the twenty-four hours' urine. 

Chlorides are never foimd in the urine as a spontaneous 
deposit, in consequence of the combinations of chlorine with 
soda, potash, lime, and magnesia — all being exceedingly 
soluble salts. Hence the presence or absence of chlorides 
from the urine can only be ascertaained by chemical means, 
such as those already described. 

Chloride of Sodium as a Remedy, — Some have thought that 
certain diseases might depend on an insufficiency of chlorides 
in the system, and consequently that the administration of 
common salt might be attended with beneficial results. Dr. 
Cotton, who experimented with it at the Consumption Hospi- 
tal in cases of phthisis(a), came to the following conclusions : 
1st. From 5J. to 5ij. gradually administered seldom produces 
nausea, thirst, or derangement of the digestive organs ; but 
larger doses cause sickness and vomiting. 2nd. In some cases 
common salt increases the appetite and acts as a general tonic. 
Srd. Its tonic infiuence in phthisis is equal to that of bitters. 
4th. It does not appear to be deficient in the tubercular crasis, 
or to have any direct action on the disease when fully 
developed. 

■ I I f M^^l 1 ■ ^. I ■■■■■■■- ■■ — ■■■ — ■■■■■■■ ■-»■ — —_■ - — ^■■. ■ ^ ■■■■»■■ ■■■■■ — — — 

(a) Med, Timet and Gaz., May 28, 1859, p. 548. 



LECTURE VI. 

UROHiEMATIN, AND THE ABNORMAL PIGMENTS MET WITH IN 
WHITE, YELLOW, GREEN, BLUE, AND BLACK URINE—THEIR 
CLINICAL SIGNIFICANCE AND TREATMENT. 

Urohjematin, the substance which gives to healthy urine its 
peculiar tint» is of more importance to the Clinical Physician 
than the majority of urinary ingredients; for the quantity 
passed in the twenty-four hours is not only an index to the 
tear and wear of the tissues, but the best measure we at pre- 
sent possess of the rapidity with which man bums life's lamp. 
The amount of aU the ingredients of the urine we have hitherto 
considered are much more under the influence of the diet than 
that of urohsematin, the quantity of which may be said to be a 
tolerably exact measure of the destruction of blood corpuscles. 

Chemistbt. 

Until the last ten or twelve years little was known regarding 
the nature of the colouring matter of the urine, and that little 
was unfortunately erroneous. Cruickshanks, Yauquelin, and 
Chevreul regarded it as a coloured acid ; Yogel thought it was 
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uric acid, and Frout looked upon it as murexid. Golding 
Bird, however, pointed out Front's error by showing that, 
while hydrochloric acid destroys the colour of murexid, it in- 
creases that of the urine. Berzelius also saw Front's mistake, 
from urohsematin being soluble in alcohol while murexid is 
not. Heller it was who made the first step in the right direc' 
tion by studying the effects of acids on different urines, and 
thereby obtaining a yariety of colours, which he believed to 
be due to a substance which he called uroxanthin. This 
uroxanthin Heller thought consisted of two colouring matters, 
urrhodin, a red, and uroglaucin, a blue pigment, none of 
which was he, however, able to separate from the urine. The 
second step in the right direction was made by Scherer, who 
was the first that succeeded in isolating anything like the 
colouring matter of the urine. The substance that Scherer 
extracted was a brown powder, so closely allied in composition 
to the colouring matter of the blood that he thought it might 
be derived from it. 

UroluBmatuL, Blood hasmatin. 

C . . 58-43 70-49 

H . . 616 5-76 

N . . 8-83 11-16 

O . . 27-58 12-59 

The next step was made by myself in 1851, when, for the first 
time, it was found possible to extract from human urine its colour- 
ing matter in a perfectly pure form. At the same time I made the 
interesting discovery that not only does the colouring matter of 
the urine closely resemble the hsematin of the blood in its 
appearance, and its properties, but that it even possesses the 
additional similarity of containing iron, a substance which till 
then had never been detected in normal urine. At first this 
discovery was received by Scherer and some others with 
scepticism, but now even Scherer acknowledges its truth, so 
that it is unnecessary longer to treat it as a matter of doubt. 
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Seeing that the colouring matter of the urine so closely re- 
sembled the colouring matter of the blood as no longer to leave 
a shadow of doubt that the one is the direct derivatiYe of the 
other, it was deemed advisable to name it Urohaematin» a name 
which at once met with the approbation of Scherer and others 
who were equally with myself interested in the subject. 

Properties, — Urohaematin is a bright red, non-crystallisable, 
organic compound. When freshly prepared it somewhat re- 
sembles in appearance dark red sealing-wax, and is sufficiently 
soft to receive the impress of the nail. After a time it becomes 
kard, and somewhat brittle, breaking with a glistening fracture, 
but never losing its fine red tint, at least not after twelve 
years' exposure to the air. Urohaematin is highly soluble in 
chloroform, alcohol, and ether, and gives to those liquids a 
rich, transparent, port wine colour, varying in depth accord- 
ing to tlie quantity dissolved. It is likewise soluble in fresh 
urine, and gives to that liquid not a bright red tint, but the 
tint of normal, healthy, high-coloured urine, the depth of 
colour being in direct proportion to the quantity of colouring- 
matter added. Urohaematin is, however, insoluble in pure 
water, and even in solutions of either chloride of sodium or 
chloride of barium. It is also quite insoluble in sulphuric, 
nitric, and hydrochloric acids, even the strongest ; but soluble 
in the caustic alkalies of ammonia, soda, and potash. In 
solutions »f .tartaric and oxalic acids, urohaematin is quite 
insoluble. 

In all th^ above-mentioned characters it bears a close resem- 
blance to tbe colouring matter of the blood — ^haematin — the 
similarity u. the two substances being made still more striking 
by the fact already mentioned^ of urohaematin containing 
iron ; the existence of which is readily demonstrated by burn- 
ing a small f uantit^ of urohaematin on a spatula, and dissolv- 
ing the ash ii a weak solution of hydrochloric acid, and testing 
it with the ordinary reagents. The addition of a drop or two 
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of sulpho-cyanide of potassium gives rise to a fine red colour, 
while the addition of a similar quantity of ferrocyanide of 
potassium gives a precipitate of Prussian blue, thereby estab- 
lishing the presence of iron. If any one still doubts the 
existence of iron in healthy human urine, it is sufficient to test 
the ashes of any urinary residue as above described in order 
to dispel the doubt. 

Preparation, — Urohsematin may be obtained from urine in a 
pure state inseveral ways : — Ist. By evaporating a large quantity 
of urine imtil it becomes of the consistence of treacle, taking care 
to remove the chloride of sodium and other salts as they crys- 
tallize. The colouring matter is extracted from this molasses 
like syrup by means of alcohol. The deeply-tinged alcoholic 
extract is now boiled and treated with slaked lime until it is 
completely decolorised ; it is then filtered, and the compound 
of lime and colouring matter well washed with water, and 
afterwards with ether, to free it from fat, of which there is 
invariably a considerable quantity in human urine. The lime 
compound when dry is decomposed by hydrochloric abid, and 
the liberated colouring matter extracted with boiling alcohol. 
The alcoholic solution is now mixed with an equal portion of 
ether, and, after being frequently shaken, allowed to stand a 
day or two, in order that the ether may dissolve as much as 
possible of the pigment. On the addition of water^ the ether 
charged with the colouring matter separates, and is decanted. 
This etherial solution after evaporation is -treated with chloro- 
form, which removes the colouring matter from iie animal 
resin to which it tenaciously adheres ; and on evapt>ration the 
chloroform deposits the pure urohsematin. Wh^n burned, 
urohsematin leaves a small quantity of aah, consisting solely 
of the oxide of iron. 

2. Scherer*s process as modified by me is equ^ly success-, 
ful, but, urifortimately, also equally troublesome. It is as 
follows: — Precipitate the phosphates and sulphate from fresh 
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vrine by means of the nitrate of baryta. Decant, and to the 

chax liquid add basic and neutral acetate of lead untU the 

ume is decolorised. Collect the lead compound, which 

coitains the colouring matter, dry, and treat it with hydro- 

chloic acid and alcohol, as in the lime process. The other 

step are the same in both. For more minute details see the 

P?ia7nacetUical Journal for November, 1852, the Wiirzburg 

VerhndL, Bd. 5, 1854, and Journ.f, Prod. Chemie, Bd. 64, 

p. 26. 

Lady, an etherial solution may be obtained from urine 

withot any preyious manipulation at all, except adding strong 

nitric icid, and heating the mixture to set the colouring 

matteitee, and then agitating it with a large quantity of ether. 

The eler dissolyes the colouring matter, and floats on the 

surfaceof the urine. It is then decanted and evaporated to 

drynesEand the residue treated with chloroform untU pure. 

The losay this method is so great that it is seldom attempted, 

except r rough quantitative experiments. 

Quariative Analysis, — Unfortunately, there is as yet no 
methody which the quantity of urohsematin excreted in 
the twey-four hours can be e;sactly ascertained ; I hope, 
howeveioon to be able to publish one, founded on the volu- 
metric emation of the quantity of iron, as I believe that 
under nnal circumstances almost the whole of the iron 
found iniman urine comes in the form of urohsematin from 
the blooQrpuscles. UntU then, it may be as well, at least 
for clinicpurposes, to adopt the plan I daily follow, namely, 
of dilutiithe twenty-four hours' urine with water tiU it 
measures ty ounces (if the quantity is above sixty ounces, 
it is to beicentrated), and then adding to about two drachms 
of it in a t tube half a drachm of pure nitric acid, and allow- 
ing the mire to stand for some minutes. If the quantity of 
uroheemats normal, the mixture wiH alter but slightly in 
tint ; whet if there be an excess it will become pink, red, 
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crimson, or purple, according to the amount present. Heating 
the mixture hastens the change in colour ; but it is better t> 
do the experiment in the cold, and, if necessary, allow pleztj 
of time for the change to take place. 

The object of adding the acid is to set the colouring mater 
free, for without doing so we are no more able to tell X>w 
much urohsematin is present in the urine than to tell io w 
much iodide of potassium is dissolved in water. A pale 
urine often contains a large amount of urohaematin ; fhile 
on the other hand, a high-coloured urine frequently cotains 
yery little ; so that the addition of acid is essential. Itfi not 
necessary to use nitric acid ; sulphuric or hydrochlorl acid 
answers the same purpose, only with them the colour i^ome- 
what different. Now, just as the quantity of io^de of 
potassium present in a glass of water may be roughly fiessed 
at by the quantity of iodine set free on the addition d nitric 
acid, so may the amount of urohsematin present in the tine be 
guessed at by the depth of colour produced on the adjtion of 
nitric acid. 

In studying the different shades of pigment founj in the 
urine, the best scale to consult is that designed by )ofessor 
Vogel, which forms Plate VI. of Neubauer and Vog^s work, 
translated by Markham for the New Sydenham SociJIy. 

Physiology. 

Urohsematin is without doubt an organic substanp belong- 
ing to the same class as albumen, fibrin, and casein! It differs 
from these substances, howeyer, in so far as it (p be ex- 
tracted from the urine in the same state as it exits in that 
liquid ; whereas neither albumen, fibrin, nor caJn can be 
obtained separately in the same condition as thf exist in 
the body. 

Urohaematin being normally excreted by the iJneys, like 
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all other similar products, its quantity fluctuates with the 
state of the health— the ebb and flow» as it were» of life. In 
chemical composition we saw that it closely resembles the 
colouring matter of the blood — so closely, indeed, as to haye 
given rise to the idea that the one is the direct product of 
the other. Now, as is well known, the colouring matter of 
the blood, which is treasured up in the red corpuscles, from 
its wide distribution and unyarying composition, is supposed 
to play a most essential part in the processes of life. 

A blood corpuscle cannot, of course, be expected to last 
for ever. Its career is as defined as the career of the individual 
to whom it belongs. It is bom, it grows, it performs the 
functions for which it was called into existence, it dies, and 
is removed, and others take its place. With every respiratory 
act, with every pulsation of the heart, thousands of blood 
corpuscles are destroyed, and thousands reappear. And 
although it is difficult to say what may be the exact term of 
life of a blood corpuscle, yet we know that even at most its 
span can be little more than a few months. 

When we inject the blood of an animal with oval corpuscles 
(a fowl )into the vessels of one with round corpuscles (a dog), 
we find that before three weeks have passed away all the 
oval cells have disappeared. It is true that in this case y^e 
have, as it were, placed them under abnormal conditions ; 
but if we make allowance for that, and read months instead 
of weeks, we still cannot spin out the life of a blood corpuscle 
to more than a quarter of a year ; and few will even be 
inclined to give to it so much as that. 

Taking it for granted, then, that blood corpuscles die, and 
that their debris is removed from the circulation ; if uro- 
hsematin be regarded as the dSbris, or the product of the 
colouring matter of the red blood corpuscles, it is evident that 
the amount of urohaematin present in the urine, supposing it 
all to be eliminated by that channel, must, to some extent, 
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afford us an idea of the daily destruction of blood corpuscles. 
Pathology, as we shall presently see, giyes additional support 
to this theory; meanwhile, however, I must mention that all 
the colouring matter fo\ind in the urine does not come from 
the above-named source. A small quantity comes directly 
from the food ; a vegetable diet furnishing the greatest quan- 
tity, animal food yielding scarcely any. This is easily ex- 
plained from the well-known fact that almost all vegetables 
are much richer in colouring matter than the flesh of animals 
slaughtered by bleeding, as is the case with the majority of 
those used for domestic purposes. In fact, the respective in- 
fluence of a vegetable, and an animal diet on the urohaematin is 
well illustrated by the amount found in herbivorous and car- 
nivorous animals' urine. It will be recollected that, in the 
first lecture, I pointed out the striking difference presented by 
these urines ; the former being of a very dark, the latter of a 
very pale colour, while man's stands between the two. 

There is still another source from which comes a yet smaller 
quantity of the normal colouring matter of the urine — ^namely, 
the reabsorbed effete pigment of the bile — ^urobiliverdin. The 
amount of this in healthy urine is, however, so insignificant as 
scarcely to merit even this passing notice. In disease, on the 
other hand— jaundice, for example — it is occasionally enor- 
mous, far outweighing that of the urohsematin. 



Pathology. 

The colour of the urine varies greatly in disease. It may 
be perfectly white, yellow, brown, red, black, green, or blue, 
and each of these tints, in the absence of ingesta capable of 
accidentally producing them, invariably indicates the exist- 
ence of grave disease. 

Normally coloured urine does not, however, exclude the 
possibility of disease, for the colour of the freshly passed 
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urine is no absolute criterion either of tlie quantity or the kind 
of colouring matter it contains. The abnormal like the 
normal pigments are often combined with some of the other 
urinary ingredients in the form of colourless compounds, and 
it is not until the compound is decomposed, and the pigment 
set &ee, that we can take cognizance either of its quantity or 
its quality. For example, here are three urines : — 1st. A 
pale, almost colourless urine from a healthy infant, aged 18 
months. It has a specific gravity of 1018. 2nd. An equally 
pale, almost colourless urine from a girl, aged 19, suffering 
from chlorosis. It has also a specific gravity of 1018. 3rd. A 
dark straw-coloured, but perfectly transparent urine from a 
healthy man, aged 33. It has likewise a specific gravity of 
1018. In fact, these three urines have been purposely selected 
on account of their having the same specific gravity. To each 
of these add a quarter of their bulk of strong nitric acid, and 
bring them to the boiling point. Watch the change. The 
infant's pale urine is scarcely altered ; the man's dark urine 
is only slightly deepened in tint ; whereas the almost colour- 
less urine of the chlorotip girl has assumed an intensely red 
hue. "What is the cause of this difference ? The infant is in 
the bloom of health— there is no waste of blood corpuscles in 
it — aU the blood discs it possesses are employed in the 
development of its frame. The man has arrived at maturity ; 
he is still in the prime of life, and in the enjoyment of perfect 
health ; his blood corpuscles are not wasted, but merely con- 
sumed in the tear and wear of every- day life. The young 
woman, on the other hand, is suffering from chlorosis ; she 
has a pale lip, and a blanched cheek ; her corpuscles are being 
too rapidly consumed ; her life's blood is oozing away by the 
kidneys, and there it appears as an excess of uroha^matin in 
her urine. 

Take again these two urines so different in appearance. 
They are from young men about the same age (24 years). The 
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one urine is perfectly colourless, like water (a) ; the other is 
of a deep red colour, — case of hematuria from disease of the 
kidney. On adding strong hydrochloric acid to the colourless 
urine it rapidly assumes a port-wine tint, whereas the same 
amount of acid added to the red urine, instead of heightening, 
actually destroys the colour it already possesses. And why ? 
Simply because the pale urine contains an excess of combined 
uroha;matin, which is liberated by the acid ; whereas, the red 
urine contains merely a number of free blood corpuscles, which 
become coagulated, and, as the colouring matter in them is 
insignificant in quantity when compared with the amount of 
nrohsematin in the other, no sooner are their cell-walls 
destroyed and the contained hsemato-globulin set free and 
coagulated, than the red colour disappears. Now, which of 
these two classes of urine denotes the most danger ? Most 
assuredly, not that containing the free blood-cells. A very 
small quantity of blood will sometimes colour a great deal of 
urine ; whereas an immense destruction of blood corpuscles 

• 

may take place in the body, and their ddbria be so eliminated 
as to be invisible to the eye untU the application of an acid sets 
it free. In fact, experience has shown me that the normally 
coloured urine of disease is a most treacherous guide to go by. 
It often lulls the inexperienced into the belief that there is 
nothing materially wrong, when a grave lesion is making rapid 
strides towards a fatal termination. Not very long ago I was 
told by an intelligent Practitioner that a young lady, regarding 
whose health we were consulting, was labouring under hys- 
teria. "The secretions," as he termed them, being ** aU 
right,'* my opinion had been asked more with the view of 
satisfying the friends who were getting fidgety than anything 

(a) The patient from whom this urine came was sent into the Hospital 
(under the caire of one of my colleagues) from his being supposed to have 
stone. None, however, was detected, and his symptoms appeared to arise 
from excessive spinal irritation. At the time the above sample of unne 
was passed, the lad had already been six weeks in the Hospital. 
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else. The case appeared to be what he said, until he 
added, ** She is well fed, and yet she loses flesh, and I don't 
know why." This remark at once brought us back to the 
urine, which he assured me was perfectly natural in colour, 
and contained neither sugar nor albumen. I analysed some, 
and the case proved the very counterpart of the lad's just 
spoken of. Although the girl's urine was natural in colour, 
her life's blood was imperceptibly oozing away with it. This 
is no solitary example ; I might cite many cases of so-called 
hysteria, which were in reality cases of serious, though 
obscure, disease ; but that is surely unnecessary. Who 
amongst us has not seen patients die, and their disease put 
down as, only hysteria ^ The time is, nevertheless, not far 
distant when we shall learn that hysteria is something more 
than '*mere functional derangement." Hysteria may be a 
convenient term ; but, after all, it is only a cloak of ample 
dimensions which hides the rags of ignorance. It is a name 
instead of an explanation, a sham instead of a reality. And 
what is still worse, it tends to keep us in ignorance by 
stifling legitimate inquiry ; for no sooner do the majority of 
practitioners And a name for the disease than they cease to 
fathom its cause. In some cases of cerebral and spinal 
disease the excess of urohaematin in the urine is so great that 
after it has been set free by an acid and taken up with ether, 
the ether, after standing, solidifies into a red- currant jelly-like 
mass, and may actually, in some cases, be cut with a knife. 

The best way of showing this is to boil four ounces of urine; 
then add nitric acid to set the colouring matter free. 
When cool, put the urine into a six-ounce bqttle along with 
an ounce of ether. Cork the bottle, thoroughly shake it, 
and afterwards place it aside for twenty-four hours. At 
the end of that time the ether will sometimes be found 
to be like a red tremulous jelly. Such a case is, of course, a 
very bad one ; but these are not nearly so imcommon as one 
would imagine. In some of the worst cases of uroheematuria 
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the urine is neutral or eyen alkaline, and the font et origo 
malt is to be looked for in the brain or spinal cord. Indeed, 
-we may often be led to a correct diagnosis of obscure cere- 
bral and spinal disease, by finding urohsematuria associated 
ivith a saccharine or a phosphatic condition of the urine. 

In a case of chronic cerebral disease, which I saw with Mr. 
T. Carr Jackson, the quantity of urohsematin regularly varied 
pari passu with the severity of the paroxsyms, nitric acid 
turning the urine red, purple, or even bluish (blue matter 
being, after a time, deposited on the bottom and sides of the 
test tube), according to the severity and duration of the attack. 
It ought never to be forgotten that alkaline remedies, as well as 
certain vegetable foods, may increase the urohsematin. Even 
the external use of carbolic acid sometimes turns it black.(a) 

When urohsematin exists in a free state, the urine is red in 
colour before any acid is added. These cases differ from 
hsematuria, in the urine being clear and transparent, and 
devoid of blood corpuscles, and from intermittent hematuria 
in the absence of congestive casts. If it contains a deposit, the 
deposit may or may not be high coloured ; but in any case 
the supernatant liquid is clear as well as red. Another fact, 
which is of great clinical importance, is that the urohsematin 
is not always in the same state of oxidation; and, like indigo, 
its colour depends on the amount of oxygen it contains. It 
may be yellow, red, or brown. In consequence of this, different 
acids act upon the urine differently. In one case nitric, 
sulphuric, or hydrochloric acid may produce the same 
results ; in another hydrochloric acid turns the urine red, 
while nitric acid makes it blue, green, or yellow. In a third 
sulphuric acid may develope the colour better than the others. 

To illustrate these remarks— Take the case of a gentleman 
33 years of age, whose urine to the eye appeared perfectly 
normal in colour. On adding strong nitric acid, however, 

(a) Almen on a *' Change in the Urine from the External Use of Carbolic 
Acid."— iajicrt, October 19th, 1870. 
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to this urine it immediately became of a blood-red hue, 
-whereas hydrochloric acid had no effect upon it until some 
minutes had elapsed, when it gradually caused it to assimie 
the same tint as that produced by the nitric acid. When sul- 
phuric acid is slowly added so as to fall to the bottom of the 
test-tube, a reddish-brown line appears at the point of contact, 
and this gradually deepens until, in the course of six hours or 
80, it assumes a more intense colour than that produced by 
either of the other acids. 

This is an important case in another point of yiew — namely, 
as proving the yalue of urinary analysis in cases of obscure 
disease. The only symptoms that this patient labours under 
are those of an irregular kind of dyspepsia, with an occasional 
pain in the epigastriimi. He is in easy circimistances, takes 
plenty of nourishing food, wants for nothing, yet he gradually 
gets weaker and weaker, and has lost 17 lbs. in the course of 
the last year. Even the locality in which the patient liyes is 
a remarkably healthy one (he was sent to me from Anglesey 
by Dr. D. Williams, of the Menai Bridge), and if it had not 
been for the condition of the urine, his symptoms would have 
reinsdned a mystery. This, too, was one of those cases in which 
the amount of urohsematin was so great that it caused the 
etherial solution to solidify into a jelly.] 

An excessive excretion of urohsematin is not limited to 
cases such as we have been describing. It occurs to some 
extent in several diseases, especially those in which there is 
an excessive tissue metamorphosis, and consequent too rapid 
blood consumption. Hence we occasionally meet with it in 
low fevers, in diphtheria, in pneumonia, and some other in- 
flammatory affections, in lesions of the nervous system, during 
an attack of gout, after the fit of ague, and during conva- 
lescence from nearly all grave diseases. It is, however^ in 
chlorosis (either in the male or female), and the many un- 
nameable obscure affections of that class, where it becomes a 
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dangerous symptom. In fact, it always indicates the exist- 
ence of a past or present mischief meriting the closest 
attention of the Physician, and where we cannot remove 
the cause we must at least attempt to check the effects 
of the symptom — namely, to restore to the blood as much 
as possible of the material which is being drained from 
it. Every one knows the effects of iron upon the system, 
but iron alone is not always sufficient for our purpose. 
Something more is wanted, and that is best supplied by the 
preparations called the syrups of phosphate of iron. Many 
syrups have been sold imder this title. There are the 
American syrups ; the compound syrup of the phosphate of 
iron, or " chemical food," as it is sometimes named ; the 
syrup of the superphosphate of iron and lime (excellent for 
children) ; and a few others. One and all of them are good 
in particular cases, but they must always be associated with a 
judicious selection of regimen in order that the full benefit 
may be derived from them. 

The preparation of zinc, in grain or grain and a-half doses, 
are also occasionally useful astringent tonics when the drain is 
very great. 

In some cases of disease the excretion of urohsematin by 
the kidneys appears to be diminished ; but this is only when 
the system has been so drained that there is little more to 
come away. In the last stage of chlorosis a great diminution 
in the amount of the urohaematin in the urine takes place ; so 
also in chronic cases of haematuria, notwithstanding that the 
urine perhaps looks red. Likewise in cases of chylous urine, 
in the albuminuria of pregnancy, and in chronic Bright' s 
disease. In all these cases the blood has already been well 
drained of its constituents before a marked diminution in the 
amount of the eliminated urohsematin takes place. 

Blue and Green Urine, — ^A great sensation was created some 
years ago among Clinical Physicians and Pathologists when 
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the first cases of blue and green urine were reported ; all 
doubted, and many disbelieyed in their existence. The least 
uncharitable thought that the patient had hoaxed the Doctor. 
Knowledge has, however, adyanced since then. Not one, but 
many observers have met with the same conditions ; and now 
the doubters and disbelieyers in the existence of either blue or 
green urine are only to be found among the ignorant. 

To Dr. Hassall we owe the first good report on the existence 
cf blue urine. It was entitled — ** On the Frequent Occurrence 
of Indigo in Human Urine, and on its Chemical, Physio- 
logical, and Pathological Relations." (b) 

I must here guard you against falling into the common eiTor 
of supposing that the urine is blue or green at the moment of 
being voided, for, as far as I am aware, such a condition has 
never yet been observed. In the cases hitherto reported it has 
only been after exposure to the air, or after the application of 
chemical agents, that the urine has been observed to become 
of the colours alluded to. In Hassall' s best-marked case, 
for example, the urine was of a light brown colour when 
voided, somewhat alkaline, and had a specific gravity of 1C17. 
In the course of three or four days it became thick and turbid, 
deep brown, greenish, bluish green, yellowish green, and 
finally nearly black ; the scum on the surface remaining of a 
permanent, deep indigo-blue colour. All these changes fol- 
lowed upon simple exposure to the air ; but, as just said, 
chemical agents may produce one or more of these changes. 
Thus, for example, in Mimk's case of green urine, (c) when 
passed the urine was of a dark red colour, but on the addition 
of ammonia it became green. Like everything else when pro- 
perly understood, these changes have nothing mysterious about 
them. The body has not created anything new in making 
blue or green urine. Indeed, as in disease no new functions 

(b) Philosophical TransaetionSy p. 297, 1864. 
(o) AUg. Med, Central Ztg., No. 26. 
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are ever created, but only a change occurs in the rhythm and 
force of those already existing, so in disease no new substances 
are ever created, but only a change takes place in the quantity 
or in the quality of those normally existing. It is now twelve 
years since I adopted these views, and the longer and deeper 
I peer into the wondrous workings of the human frame, the 
more am I satisfied with them, and the easier do I find the 
comprehension of disease. Physiology and Pathology are but 
one study ; and although a man may be a Physiologist without 
being a Physician, no man can be a Physician without being a 
Physiologist. The same laws that. regulate health regulate 
disease. The very elfects we are now studying are a striking 
illustration of the justice of these observations. 

For example, the discovery of indigo in urine was thought 
to be very extraordinary, — a vegetable product manufactured in 
an animal body ! The thing appeared absurd ; and, as I before 
said, the least imcharitable thought the patient had hoaxed 
the Doctor. The further science advances, however, the 
nearer do we see the animal and vegetable kingdoms approach- 
ing each other, and the less surprised are we at finding that 
the products of the one are but modifications of the products 
of the other. Fat can be got from plants as well as from 
animals ; sugar can be got from animals as well as from plants. 
We have albumen iio. the plant, as we have albumen in 
the hen's egg ; we have casein in the milk of the cow, 
and we have casein also in the plant. The Chinese know 
these things apparently even better than we do. When 
they have no milk and want cheese, they make it from 
common peas by boiling them along with lime. The cheese 
called Tao-fo is the product of the garden, not of the stall. 
So, again, with colouring matters ; each animal colouring 
matter has its counterpart in the vegetable world. The 
green colouring matter of the bile is the analogue of the 
chlorophyll of the leaf. The red colouring matter of the blood 
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is similar to the blood red of the rose. Blue urohsematin 
is the counterpart of indigo from the plant. The analogy 
does not only hold good in colour; for, as is well known 
to chemists, there is also a great resemblance in the composi- 
tion of the different animal and vegetable pigments, as regards 
the amount of H, O, N, and C they contain. Moreover, in 
1852-53 I traced a still farther similarity in the composition of 
biliverdin and chlorophyll, hsematin and draconin, uroha;- 
matin and indigo, by finding that they all possessed the 
common character of containing iron. And what is still more, 
I believe the day is not far distant when the chemist will 
copy the Chinaman with his Tao-fo, and resolve those vege- 
table and animal pigments into one another by adding or sub- 
tracting a small quantity of oxygen. 

It is well known to everybody that indigo is originally not 
a blue, but a white substance, and it is only in the process of 
manufacture that it changes its colour &om white to yellow, 
yellow to green, and green to blue ; and there is even another 
grade of oxidation in which the blue indigo is transformed, to 
red. Now, as with this vegetable pigment, so it is with the 
animal pigments ; they are nothing more than grades of oxida- 
tion of a white radical, as I first hinted in the papers on 
urohsematin, already spoken of. If we adopt this view, we 
can readily understand how easy it is for the red hscmatin of 
the blood to be changed into the green biliverdin of the bile. 

All known pathological data support this view, whilst all the 
known physiological data can prove nothing to the contrary. 

Hitherto I have only spoken of blue and green urine ; but 
there are such things also as blue and green pus(d) — nay, 
more, both Chevreul and Lecanu have during disease (e) met 
with blue colouring matters in the blood itself. 

(d)* I have met with ono case, and several others have been published. See 
♦' Robin and Verdeil," voL iii, p. 492. Also Herepath, iu " Med. Times 
and 6az.," Sept , 1864. 

(e) Ibidy p. 572. Vide also Carter, in Bd. Med. Journ., 1859, p. 110. 
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This is not the place to discuss the subject, or I could soon 
bring a mass of evidence in support of the theory that all 
animal colouring matters originally spring from one colourless 
radical. Indeed, so clear does the thing appear to my own 
mind that I no longer regard it in the light of a theory, but as 
a fact. A few minutes ago it was said that the transition 
stage, from white to green and from green to blue indigo, was 
yellow. Well, eyen this has its counterpart in the animal 
body. Sigwaxt, Sanson, Lecanu, and CheTreul have all 
described a yellow colouring matter which they found in the 
blood ; and who can doubt its existence, for every day we 
have ample evidence of the fact of red hsematin being changed 
into yellow pigment in the cases of jaundice that are constantly 
being brought before us. 

It is imnecessary even to go so far as that to prove the pro- 
position ; for let us take the case of the urine itself, which is 
alone sufficient to prove it. In case I might be regarded in the 
light of a one-sided advocate, I shall now quote the observa- 
tions of other authors, and in order to make the groimd more 
secure, shall select a German, French, and English reporter. 

In Hunk's case, already referred to, the observations were 
made upon a man aged 39, while in Hospital, imder the care 
of Professor Traube. The patient stated that he had enjoyed 
good health imtil about two years before his admission, when 
he began to suffer from pains in the loins and trembling of 
the lower limbs. These increased, and he became so weak 
that he had to give up work. The urine was found (1) to be 
of a dark red colour ; (2) to contain neither albumen nor bile- 
pigment ; (3) to stain filter-paper red ; (4) to become darker 
when heated with nitric acid ; (5) to assume with sulphuric 
acid a fine deep violet colour; (6) to become decolorised 
when hydrochloric acid and zinc were added to it ; the red 
colour could, however, be restored by adding nitric acid; 
(7), and lastly, with ammonia, the urine became green. The 
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quantity passed in twenty-four hours was much below the 
average; it yaried from about fourteen to twenty-three 
ounces. A yery small amount of chlorides and urea was 
found in the urine. 

Munk separated the colouring matter from the urine in a 
pure state, and found that it was insoluble in water, but 
soluble in alcohol, ether, and chloroform. It dissolved in 
soda solution with a pale red colour ; in ammonia, with a 
green ; in hydrochloric acid, with a red ; in sulphuric acid, 
with a dark violet hue ; and in nitric acid, it became colour- 
less. When burned, it left an ash containing iron. 

In Braconnot's case, cited by Robin and Verdeil, vol. iii., 
p. 491 of their ** Chemie Anatomique," the urine was of an 
obscure yellow colour, and, after standing, the sediment which 
was deposited from it became of an azure blue. When sepa- 
rated, this blue substance gave to hot water a brown tint, 
which became of a fine red (" beau rouge **) on the addition 
of strong acids. Moreover, the hot alcoholic solution, which 
was of a green colour, yielded a blue precipitate on becoming 
cold. 

If further evidence be wanting to prove that the various 
coloured urine pigments are but different grades of oxidation 
of uroheematin, we have it in Hassall's case. At page 298 
of the paper already cited it is stated that " The first urine 
of the series, when passed, was somewhat alkaline to test- 
paper, had a specific gravity of 1017, and was of a light-brown 
colour ; there formed on its siirface, in the course of three or 
four days, a thick, greasy-looking, soft scum, consisting of 
vibriones, and very many large and fine crystals of triple 
phosphate ; at about this time the scum became greyish-blue, 
lavender, bright blue, and finally, after three or four days 
more, of a deep indigo-blue colour, which was permanent." 

Thus are explained the various colours and reactions of the 
urine that have been recorded by Gilchrist, Heller, Vogel, 



118 ITROHiCaiJLTIM. 

Schunck, Lindsay, and a number of others, who have, within 
the last few years, so enriched the literature of the subject. 
All these changes which occur in urohsematin out of the body, 
as the effects of reagents or simple exposure to the air, are 
primarily due to its constitution haying been altered in the body 
by the effects of disease. I haye seen in diphtheria, in low 
fever, in phthisis, and in many other exhausting diseases where 
the vital powers were much reduced, and the arterialisation of 
the blood interfered with, hydrochloric acid throw down blue 
crystals of uric acid. Although there is sufficient blue uro- 
h83matin (" uroindigo **) to colour the uric acid crystals, there 
is often in these cases not sufficient to render the entire urine 
blue. Occasionally uric acid is deposited of a purple colour. In 
aU such cases it will be foimd that whatever supports the vital 
powers tends to diminish the amoimt of uroindigo in the urine. 

I must here warn beginners against falling into the error of 
mistaking the colours of the urine produced by remedies for 
those arising from disease. Thus santonine, picrotoxine, gam- 
boge, rhubarb, and senna all cause the urine to become yellow ; 
while turpentine turns it violet, and arsenuretted hydrogen 
and creosote make it black. So that one must always begin 
by asking what remedies the patient has been taking. 

Most coloured remedies produce no effect on the colour of 
the urine. 

Brovm and Black Urine, — ^There are two entirely different 
diseased states in which brown and black urine are met with. 
In the one, the urine at the moment of being passed is of a 
deep straw colour, and perfectly transparent ; but becomes 
gradually darker and darker in tint (without, however, losing 
its transparency) until it is as black as porter. In the other, the 
urine varies from a chocolate brown to a brownish-black hue 
at the moment of being passed. It is not usually transparent, 
and deposits a quantity of flocciQent sediment, which, when 
examined with the microscope, is seen to be made up of brown 
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or reddish-brown granular pigment, a few blood discs, and 
frequently a quantity of renal tube casts, together with crystals 
of uric acid, etc. In this last class of cases the dark colour of 
the urine is not due to an excessive metamorphosis of blood 
cells, and consequent increased elimination of abnormal uro- 
hsematin, but to a local disorganisation of blood corpuscles, 
either in the kidney alone, or in the liver and kidney com- 
bined; but as the consideration of this condition more 
properly belongs to the chapter on hsematuria, we must leave 
it for the present, and merely direct attention to that peculiar 
condition of the urine which is supposed to result &om the 
presence of melanin. 

In 1858, Br. Eiselt, of Prague, called attention to the fact 
that in certain cases of disease the urine, although quite clear 
when passed, gradually becomes of a dark colour, in conse- 
quence of a process of slow oxidation going on. He further 
showed that by the employment of an active oxidising agent, 
such as nitric or chromic acid, the freshly-passed urine could 
be instantly made to assume a black hue. Moreover, he 
observed that in the three cases of this kind which fell imder 
his observation, the patients all laboured under melanotic 
cancer, and I have myself added another to the li8t.(f). The 
presence, therefore, of melanin in the urine in obscure cases 
may occasionally help us to a correct diagnosis. It is, how- 
ever, necessary to remark that a somewhat similar state of the 
urine, as here described, is occasionally met with in other 
examples of disease, besides that of melanotic cancer. Great 
care, therefore, must be taken not to confound them ; for 
although black urine invariably indicates the existence of 
serious mischief, all the cases in which it occurs, either after 
the addition of reagents or of simple exposure to the air, 
are not necessarily hopeless ; for just as we may have a green 

(f) "On Jaundice and Diseases of the Liver and Panci'eas," p. 68. 
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or a blue Tirohfematin, so we may have a brown or a black 
one. There is nothing incomprehensible in this when we 
consider that melanin, like the other animal pigments, is a 
deriyatiye of the colouring matter of the blood, and like it 
contains iron. 

While working in Bobin and Yerdeil's laboratory in 1852, 
I prepared a quantity of pure melanin (g) from a melanotic 
cancer, and compared it with the brown pigments normally 
existing in the body — among others, with that of the choroid 
coat of the eye — ^aad I satisfied myself that the normal and 
pathological, when perfectly pure, are not distinguishable 
from each other, either by their appearance or properties. 

Hence one can readily imderstand why we should occasion- 
ally think we have got melanin in the urine in cases where no 
melanotic cancer exists. In the article on jaundice already 
referred to, a case is related of the kind which fell under my 
notice in 1850. The patient was a woman, aged 22, suffering 
from an attack of jaundice ; the urine was slightly albuminous, 
and became black on being boiled with nitric acid. As she 
perfectly recovered in the space of six weeks, it is not at all 
probable that she laboured imder malignant disease. Since 
then, three other cases of suspicious urine of this kind haye 
fallen imder my notice, and in all of then\ the urine was, as 
in the aboye, albimiinous. 

Although, then, it is no doubt quite possible to have 
albumen in the urine in a case of melanotic cancer, yet, as 
albumen is an almost invariable concomitant of the brown and 
black urine of other diseases, while it is only exceptionally 
present in that of malignant affections, we may perhaps, as I 
shall afterwards show, be able to make use of its presence as 
a distinguishing sign, especially if it be in accordance with 
the history and other symptoms of the patient. 

(g) " Chemie Anatomique," vol. iii, page 894. 
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PHOSPHORIO ACID, AND PHOSPHATES IN DISEASES OF THE 
SPINAL CORD, BRAIN, BLADDER. RICKETS, AND OTHER 
AFFECTIONS ; PH08PHATIC GRAVEL AND CALCULI, THEIR 
DIAGNOSIS AND TREATMENT. 



Althottoh not Tenturing to endorse the assertion of a recent 
-writer, that *' a man with too little phosphorus in his brain 
is an imbecile, and one with too much a maniac," we 
cannot but admit that phosphorus, in some form or other, 
is an indispensable ingredient of the human frame. This 
arises from the fact that no other element with which we are 
at present acquainted seems capable of supplying the place of 
phosphorus m the animal tissues. 

In a free state phosphorus is never to be met with, either in 
the body, or in any of the excretions, except when it has 
been taken internally in medicinal or poisonous doses. In a 
combined state, on the other hand, it enters very largely into 
the composition of our frames, and appears to perform a very 
multl&rious part in the processes of life. Not only is phos- 
phorus to be found in himian bones, and in human brains, 
but even in the bodies of the minutest animals and plants in 
which all differentiation of tissue and of function is alike 
impossible. 
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The element phosphoras is, as is well known, a yellow, 
wax-like solid, easily melted, and highly inflammable. It 
takes Are spontaneously when raised to a temperature about 
equal to that of human blood, and has, consequently, to be kept 
under water. In a free state phosphorus cannot be said to 
exist in Nature, but in an oxidised form, as phosphoric acid 
xmited with lime or some other base, it is widely distributed 
throughout both the organic and inorganic universe ; so that 
the himianbody may be said to draw its supply, not only from 
the food we eat and the water we drink, but even from the 
very air we breathe. 

Phosphorus is excessively easily oxidised, and combines 
with oxygen in the three proportions of one, three, and five 
(PO, PO3, PO5), all of which combinations are acid sub- 
stances. It is, however, chiefly, if not entirely, with the last 
that we have to do, and its presence or absence from any 
fluid can be ascertained in the following manner : — 

To the suspected liquid add a little acetate of soda, with a 
drop or two of acetic acid, then slowly pour in a small 
quantity of the sesquichloride of iron. The formation of a 
gelatinous precipitate of the phosphate of iron (FeO,POg) at 
once reveals the presence of the suspected substance. When 
only a small quantity of phosphoric acid is present, the pre- 
cipitate is slow in forming, and the liquid at the same time 
becomes red, in consequence of the action of the acetate of 
soda on the excess of iron in the mixture. 

The phosphoric acid found in the urine is not in a free 
state, but is combined with the two alkaline bases, potash 
and soda, and the two earthy bases, lime and magnesia. 
Normal urine contains about four times more of the alkaline 
than of the earthy phosphates, while of the earthy phosphates 
themselves there is about double the quantity of phosphate 
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of magnesia that there is of phosphate of lime. Neubauer, 
Eemer, Lehmami, Bocker, and Kletzinsky are of an opposite 
opinion. They think the phosphate of lime preponderates 
over the phosphate of magnesia. The different results 
obtained by these observers, although no doubt chiefly due 
to the differences in the diet of the persons operated upon, 
may also in some measure arise from the differences in the 
ages of the patients, for, I think, it will yet be found that 
while in the urine of the growing child the phosphate of 
magnesia preponderates, in the urine of the aged it is the 
phosphate of lime that is in excess. The child's body re- 
taining the lime in order to form its bones and teeth, while 
that of the aged person, having ceased to require a supply 
for that purpose, allows it to pass away with the urine. 

Phosphates are never deposited spontaneously from healthy 
urine. No sooner, however, does the urine become stale, 
and its urea decompose, than crystals of triple phosphate 
(^MgCNHiOjPOg) are precipitated. This arises from the 
circumstance that the earthy phosphates are only soluble in 
acid solutions, and when the urea is decomposed it is changed 
into carbonate of ammonia, which causes the urine to become 
alkaline. A similar result may be obtained artificially by 
simply adding a few drops of ammonia to freshly-passed 
healthy urine ; an immediate white precipitate of the earthy 
phosphates being thereby induced. 

The precipitate consists partly of the ammoniaco-magnesion 
phosphates (triple phosphates) and partly of the phosphate of 
lime. Phosphates are in general fine microscopic objects, \)ut 
the appearances they present greatly depend on whether they 
are rapidly or slowly crystallised. When the ammoniaco- 
magnesian phosphate crystallises rapidly, as happens on the 
addition of ammonia to freshly-passed urine, it assumes the 
form of fine feathers and fronds, either singly or in stellate 
groups. Fig. 12. Whereas under the same circumstances the 
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Eunple phoBpliate of lime &II1 down aa an smorplioiu powder, 
or asnuues the form of round globules. 
Fm. 12. 




Ha la.—Ciyslali of triple phosphalea rapidly dapoBlted In humBa oilne. 

On the other hand, when the ammoniaco-magneBion phos- 
phatea are allowed slowly to crystallisB, aa, for example, when 
the urine becomes gradually alkaline &om the decompoution 
of itB urea, and the consequent formation of the carbonate of 
ammoma. the triple phosphates, instead of appearing as feathera 
and &onds> aaaume the form of well-dcSnedpriamalic crystals, 
lai^eQtough,inmoatcaiieB,tobe'viBibIe to thenaltedej'e. They 
ate usually many-sided prisms, terminating in abrupt angles and 
focettes, the largest of the crystida being beautiful polaiiscopic 
objects. A aelenite plate adds greatly to their beauty, for by ita 
means a fine red field and deep blue crystals may be obtained. 

It ia only the prismatic and modifications of the prismatic 
form of crystals that polarise. The feathery phosphates show 
no play of colours. 



As the pTismatic crystals of the triple phosphtit« frequently 
form a scum on the surface of luine, the idea has got abroad 
that all piismatic crystala so found miut necessarily be 







phosphates. This has led to the invention of many ingenious 
arguments in order to explain why this scum and these 
supposed crystals are occasionally met with in acid urine, 
it being well known that triple phosphates are soluble in acid 
solutions. The fact of the case, however, is (hat the prismatic 
crystals which appear in acid urine, as I shall afterwards have 
occasion to show, are frequently not phosphates at aU, but a crys' 
talline organic substance of an important nature — creatinin. 

As regards the simple phosphate of lime (3CaO,FOg), 
which, when rapidly precipitated, falls down as an amorphous 
powder. Dr. Haasall has shown that, when allowed to crystallise 
slowly, as, for example, under the condition just alluded to— 
the decomposition of urea in normal urine, — it assumes a 
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crystalline form. The crystals of the simple phosphate of 
lime appear in this case also in the form of prisms. The 
conclusions arrived at by Hassall are : — 

Ist. That phosphate of lime occurs in human urine in a 
crystalline form. 

2nd. That it is of frequent occurrence. 

3rd. That it is of greater pathological importance than the 
triple phosphate. 

The foregoing remarks are only applicable to the earthy, for 
the alkaline phosphates are so soluble that even the addition 
of ammonia does not cause them to crystallise. If, for 
example, I filter a urine to which ammonia has been added, 
and thereby separate the earthy phosphates, which of course 
remain behind on the filter ; on adding to the clear filtrate a 
little carbonate of ammonia, and some sulphate of magnesia, a 
second white flocculent precipitate falls down, which, when 
examined with the microscope, is foimd, as in the first case, to 
consist of beautiful feathery crystals of triple phosphates. The 
explanation of this fact is that the phosphoric acid, which was 
united with the soda and potash in the form of soluble salts, 
has, on the addition of the anmionia and magnesia, left the 
soda and potash, and entered into combination with the 
ammonia and magnesia in the form of the insoluble ammo- 
niaco-magnesion phosphate, while the carbonic acid of the 
added ammonia, and the sulphuric acid of the added magnesia, 
have combined with the soda and potash in the form of soluble 
salts, which remain in solution. 

It is seen, then, that a quantitative analysis of both the 
earthy and of the alkaline phosphates in urine might easily be 
made by proceeding as has just been explained, all that is 
required being to operate on a given quantity of urine and 
collect, dry, and weigh the two precipitates. That obtained 
by the simple addition of ammonia would represent the earthy 
phosphates of lime and magnesia ; while that subsequently 
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obtained by the addition of the carbonate of ammonia and 
sulphate of magnesia would correspond to the amoimt of the 
alkaline phosphates of soda and potash in the secretion, (a) 

There axe no less than three different forms of phosphate of 
soda in human urine — an acid (NaO,P062HO)» a neutral 
(2NaO,P05,HO), and an alkaline (SNaCPOe). 

Some think that the acid reaction of the urine is chiefly due 
to the presence of the acid phosphate of soda, but although it 
may conduce to, it is not the chief cause of the acidity. When 
feebly acid or neutral urine is boiled, more especially if it 
contains an excess of earthy phosphates, a white cloud, 
which is frequently mistaken for albumen, falls down. This 
cloud or precipitate is easily distinguished from albumen by 
the addition of a few drops of acid, which, while it clears 
phosphatic, only renders albuminous urine more opaque. 

Scherer explains the deposition of the phosphates by boiling 
on the grounds that heat changes the more soluble neutral into 
the less soluble basic salts. 

2(2CaO,P05,HO) + 2(2MgO,POg,HO) 
^ f 3CaO,P05 r CaO,2P05,HO 
L SMgCPOg "*■ 1 MgO,2P06,HO. 

The muddy appearance of alkaline iirine is in great part due 
to the presence of insoluble phosphates, and in the deposit at 
the bottom, as well as in the scum on the top, crystals of them 
can easily be detected. 

Clear urine containing much phosphate of magnesia, as after 
a dose of salts, for example, is at once rendered turbid by a 
drop or two of ammonia which causes a precipitate of the 
ammoniaco-magnesian triple phosphate to fall down. 

Quantitative Analysis, — ^There are three methods by which 
the amoimt of phosphoric acid in urine may be ascertained : — 



(a) This is a very common method of analysis, and when followed 50 
C.C. of urine are gfeierally employed The precipitate should bo allowed 
to stand twelve or twenty-four hours before being filtered. 
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Ist. By precipitating the phosphoric acid in the form of 
earthy phosphates, and weighing the amount, as stated aboye. 

2nd. By a standard solution of the perchloride of iron. 

3rd. By a standard solution of uranic oxide. 

Of these three methods, the last being now acknowledged 
to be the best, I shall describe it. 

1st. Preparation of standard solution of uranic oxide. 

Dissolve 20-3 grammes (314*65 grains) of pure uranic oxide 
in strong acetic acid, and dilute the solution with distilled 
water up to 1000 c.c. (32*26 oz.) Each cubic centimetre of 
this solution will equal 0*005 gramme of phosphoric acid, 
which Neubauer considers is the most convenient strength. 

2nd. Acetate of soda solution. 

Take 100 grammes (1550 grains) of acetate of soda with 100 
c.c. of pure acetic acid, and dilute with distilled water up to 
1000 cc. 

3rd. Prepared paper. 

Cut some white filter paper into strips, and saturate them 
with a concentrated solution of ferrocyanide of potassium. Dry 
and preserve them in stoppered bottles for use. 

lfe^Ao(fo/./lna/y«M.— Being provided with the above solu- 
tions, proceed as follows : — ^To 50 cc. of clear urine add 5 cc. 
of the acetate of soda solution. Heat the mixture, and while 
still warm add, drop by drop, the standard solution of uranic 
oxide (&om the apparatus described under the head <* Urea 
Analysis") until a precipitate ceases to form, or, what is still 
easier, imtil a piece of the dry, white paper, saturated with a 
solution of ferrocyanide of potassium, is stained brown, on 
a drop of the mixture being allowed to fall upon it. 

Supposing that 20 cc. of the standard solution of uranic 
oxide has been required to precipitate the phosphoric acid in 
the 50 cc of urine, and, as was said, 1 cc. of the solution is 
equal to 0*005 gramme of phosphoric acid, it is evident that 
the 50 cc. of urine must have contained 0*1 gramme of 
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phosphoric add. If, then, the patient passed (we will imagine) 
1200 c.c. of urine in the twenty-four houis, his daily excretion 
of phosphoric acid must have been 2*4 grammes. 

0-1 X 1200 



50 



= 2-4 



K.B. — Should it happen that the urine contains a precipitate 
of earthy phosphates, they are to be dissolved by means of a 
few drops of hydrochloric acid before the standard solution is 
employed. If the urine likewise contains mucus, filter it after 
the addition of the hydrochloric acid. K albtmien, separate 
it by boiling. 

Physiology. 

As already said, phosphoric acid seems to play a most im- 
portant part in the animal economy, for it not only enters 
Tery largely into the composition of the bones and teeth, but 
is likewise found in the blood, nerves, brain, and muscles. 
The quantity of phosphoric acid daily excreted with the 
urine by a healthy adult amoimts to about 3 '22 grammes (50 
grains). Or, according to Farkes, 0*336 grain per lb. of 
bodily weight. 

All the phosphoric acid found in the urine cannot be said 
to come from the metamorphosis of the osseous, nervous, and 
muscular tissues, as a large proportion is the direct product 
of our food. Bread, beef, and potatoes are exceedingly rich in 
phosphates. 

^ lb of beef contains on an average about 30 grains. 
„ bread „ „ 32 „ 

„ potatoes „ „ 10 „ 

Patty, saccharine, and starchy foods contain, on the other 
hand, comparatively little. The more, therefore, we indulge in 
bread, beef, and potatoes the more phosphates are eliminated 

K 
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with the urine, (a) Even the very fsces, after the greater 
part of their phosphates haye been absorbed during their 
passage along the digestiye canal, still contain 10, 20, or 40 
per cent., the amount varying according to the kind and 
quantity of the food and drink. 

In the urine of a small but well-made, healthy female child, 
aged 17 months, I found on the average of two days 0*832 
gramme (12' 896 grains) of phosphoric acid in the twenty-four 
hours' urine, and calculating the amount for every pound of 
the child's weight (21 lbs.), it gives 0*04 gramme (0-62 grain) 
per lb., nearly double what the adult passes. This result was 
certainly contrary to what I anticipated, but I have little 
doubt it arose from the child being fed on food rich in phos- 
phates (milk, beef, and bread), and its appetite being also 
remarkably good. 

On another occasion I analysed the urine of an infant 
aged six months, which received no food beyond its mother's 
ndlk, and its urine contained the merest traces of phosphoric 
acid, not sufficient to be worth a quantitative analysis. This 
child was teething at that time. 

Old people's urine in general contains an abundance of 
phosphates. This sample of urine from a man aged 70 gives, 
as you perceive, a very copious deposit of earthy phosphates 
when it is rendered alkaline with a few drops of ammonia. 

The more fluids we drink (aeteris paribtui) the more phos- 
phates (of the food) are dissolved and taken into the circula- 
tion, and the greater is the amount eliminated with the urine. 
Phosphates never entirely disappear from urine, even after 
prolonged fasting, so it is perfectly evident that the quantity 
passed under such circumstances must represent the amount 

« 
(a) After feeding a number of white rats for some weeks on nothing 
but bread and milk, their urine became so rich m phosphates that wher- 
erer a drop fell it left a white crust of beautifully-formed prismatic 
crystals. 
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fiimished by the duintegratioii of the tissues, more par- 
tLculorly of the nervous and osseous, which are by far the 
richest in these ingredients. 

I must here warn you against fSEdling into the common error 
of supposing that whenever there is a spontaneous deposit of 
phosphates in fresh urine, there must necessarily be an ex- 
cessive elimination, for exactly the contrary may be the case. 
If, for example, the urine is from any cause alkaline, as was 
before shown, the earthy phosphates being insoluble in aUftdine 
solutions, they are immediately thrown down. On the other 
hand, should the urine chance to be abnormally acid, there 
may be an excessive elimination both of alkaline and earthy 
phosphates, and yet no precipitate be visible. An excessive 
elimination has on this account often escaped detection. In 
fact, there is no possible means of ascertaining the amount of 
phosphates in the urine except by a quantitative analysis, and 
this is the more unfortunate, seeing that their quantity, in 
many cases, furnishes a valuable clue to diagnosis, as well as 
an important guide to treatment. 

As it occasionally happens that a spontaneous deposit of 
phosphates falls down after a patient has taken a dose of 
sulphate of magnesia, this circumstance must never be for- 
gotten in cases where we are guiding our treatment by the 
results of our analyses. 

There is still another point to be borne in mind — ^namely, 
that many of the drinking waters in different parts of England 
contain a large quantity of lime, and that persons who have 
been perfectly free from phosphatic urine in one district may be 
suddenly attacked with it on going to reside in another where 
the above-mentioned condition of water exists. This occurs, 
of course, only in those in whom there is a predisposition to 
phosphatic affections, either in the shape of gravel or stone. 

On examining urinary deposits imder the microscope, one 
occasionally meets with a specimen containing crystals of both 
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uric acid and triple phosphates. At first sight this appears 
yery extraordinary, as the one substance is only found in acid 
and the other in alkaline solutions. In all these instances, 
howeyer, the urine is stale, and the simple explanation of 
finding the two deposits in the same specimen is, that the 
crystals of uric acid were formed when the urine was fresh 
and acid, while those of the phosphates appeared later, when 
decomposition had rendered the secretion alkaline. By boil- 
ing such a specimen of urine, the crystals of uric acid disap- 
pear in consequence of being transformed into the urate of 
ammonia ; whereas the phosphates remain undissolyed. 

Phosphates and oxalates are occasionally foimd associated 
together. 

Pathology. 

Like all other urinary ingredients, the amount of phosphoric 
acid eliminated with the urine imdergoes a marked change in 
disease; and this, too, irrespectiye of the influence of a 
change in diet, which is admitted to be a factor of much im- 
portance, seeing that, as before mentioned, certain kinds of 
food furnish to the system twice, thrice, or eyen four times as 
much phosphoric acid as others. The diminution in the 
elimination of phosphoric acid which takes place in many 
febrile and inflammatory affections may, no doubt, be in seyeral 
cases chiefly due to the low diet. In some few, however, it is 
eyen much less than can be so accounted for. 

Yogel, in a case of pneumonia, found the amount of phos- 
phoric acid reduced during eight days to an ayerage of 1*417 
grammes (22'69 grains), less than half the normal amount. 
On the other hand, it has been ascertained that in inflamma- 
tory diseases of the neryous system, notwithstanding the 
low diet on which the patient may be placed, there is an actual 
increase instead of a diminution, in the amoimt of phos- 
phoric acid excreted. This has been noticed to occur both 
in the idiopathic and traumatic forms of inflammatory action. 
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Dr. Bence Jones found an excessive increase of phosphates in 
a case of phrenitis ; while in a case of paralysis following upon 
injury to the head which was in Uniyersity College Hospital 
under the care of my coUeaguCi Mr. Erichsen, I found an equally 
enormous excess of phosphates. A few days after admission, 
the patient eliminated no less than 8*749 grammes (135*609 
grains) of phosphoric acid in twenty-four hours ; and this» too, 
at a time when he was taking very little food, and that litUe 
poor in phosphates. The Mime was at the same period 
strongly alkaline, and gave on standing a copious spontaneous 
deposit of earthy phosphates. Gradually, as the patient 
recovered from the effects of the injury, which was chiefly 
in the neighbourhood of the fourth ventricle (as diagnosed 
£rom the presence of sugar in the urine), the phosphoric acid 
daily diminished, notwithstanding that his food was more 
abundant, and of a kind richer in phosphates. 

As this case is exceedingly important, I shall here give the 
result of the analyses, some of which were made by my former 
pupU, Dr. Pringle : — 

Twenty-four Hours* Urine, 



Date. 


Quantity of 
Urine. 


Beaction. 


Deposit 


Phosphoric 
Add. 


— 




c c. 


ozs. 






grms. 


grs. 




July 18 


962 


30-7 


Alkaline. 


Copious 
pnosphatic. 


• • 


• • 


• • 
















„ 20f 


1000 


32-2 


Do. 


Do. 


■ • 


« « 


• • 


„ 21 


2187 


70-6 


Do. 


Copious 
deposit of 


8-749 


135-609 


• • 
























mucus and 








„ 22 


1875 


60-5 


Do. 


phosphates. 
Do. 


5-020 


77-810 


/'AITcalfne : 
1-119 grma 


„ 26 


1955 


63-0 


Do. 


Less abund- 
ant 


3-357 


61-083 


J 17-344 grs. 
i Earthy: 

2-288 grmi. 
U4'689 grs. 


„ 28 


1000 


32-2 


Do. 


Do. 


• • 


■ • 


Oct 16 


916 


29-6 


Acid. 


None. 4-67 


70-835 


• a 


C< 


)NVALESOENT. 


Oct. 20 1375 44-3 Acid- 


None. 412 63 '860 


Dec. 3 974 31*4 Da 


Da 2-96 46-725 
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This is an unusually instructiTe case, both for the reasons 
already giTen, and because, while normal urine contains about 
four times more alkaline than earthy phosphates, their relation- 
ship, on the day note was taken of it, was entirely reyersed ; 
the amount of the earthy phosphates being double that of the 
alkaline. The case is still further interesting, from the fact 
that, after the man had recoTcred from the eiFects of the 
injury, the amoimt of excreted phosphates actually fell below 
the normal standard, making it appear as if the body, in order 
te compensate for the preyious loss it had sustained, was 
replenishing itself with an excess of phosphoric acid from the 
food. Hassall relates the case of a woman, aged 54, labouring 
under partial paralysis of the leg, whose urine contained such 
an amount of triple phosphates that it was thought to be 
purulent. 

This excessive elimination of phosphates in cases of para- 
lysis is exceedingly difficult to remedy— more especially when 
the paralysis is due -to disease in the spinal cord — it being the 
cause, not the effect we haye to combat ; for just as albu- 
minuria is but one of the signs of Bright*s disease, to is the 
excess of phosphates in the urine only one of the signs of the 
severe nerve-lesion ; which must, of course, be treated accord- 
ing to the special requirements of the case. One hint, how- 
ever, I may venture to give regarding the treatment of these 
cases, namely, that wherever there is an absence of inflam- 
matory symptoms, and the paralysis appears due to a degene- 
ration or mal-nutrition of the nerve tissue, one of the most 
successful lines of treatment is to restore to the system the 
phosphoric acid it has lost. In such cases, phosphoric 
acid often proves of even more signal service when combined 
with small doses of strychnine, which, as is well known, is 
one of the best nervine tonics in the Pharmacopoeia. 

Where phosphoric acid is taken internally, either in a free 
or in a combined state with soda, it reappears in the urine in 
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the form of phosphate of potash (Bocker). So that, if at any 
tiiie we wish to diminish the amount of potash and increase 
th€ quantity of soda in the system, all that is required is to 
givt phosphate of soda. 

Ii mania, Dr. Sutherland concludes from the results of 
seyeal analyses that were made for him by Dr. Beale, that 
the phosphates in the urine are increased during the acute 
paroxysm, and diminished during the subsequent state of 
ezhavtion. He thinks, also, that there is a diminution of 
the pbsphates in the urine in acute dementia, as well as in 
the thrd stage of paralysis of the insane. 

In ases of delirium tremens, Dr. Bence Jones found the 
phospbric acid diminished in the urine. 

On ome rare occasions the urine has been observed to be 
phospl»rescent at the moment of emission, the falling drops 
being iminous in the dark like those of phosphorescent 
sea wcer. The cause of this appearance is as yet unknown. 
These ises generally occur in winter. 

In deases of the bladder the urine is often observed, at the 
momenof its emission, to be loaded with crystals of the 
ammonco-magnesian phosphates ; a circumstance which has 
not uniturally given rise to the false impression that in all 
such C88 the phosphates are in excess. Whereas it occa- 
sionall^Lappens that in some of these very cases, instead of the 
elimina^n of the phosphates from the system being excessive, 
it is actxUy below the normal standard. The explanation of 
this fsuOBa already been given when speaking of the physio- 
logical :ations of phosphoric acid. It will be remembered 
it was tn pointed out that the earthy phosphates are always 
precipit^d in alkaline liquids, whether they chance to be in 
small oBrge quantity. Hence the appearance of a deposit of 
phosphas in alkaline urine freshly emitted from a diseased 
bladder no criterion of their absolute quantity. Be this, 
Koweve>s it may, the great point of practical importance 
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remains tiie same — ^namely, that all such cases merit clote 
attention, and that the best energies of the physician must \3& 
directed to preventing a deposition of the phosphates takiig- 
place during the tirine's sojourn in the bladder. This point 
we shall have occasion to recur to when treating- of the utility 
of benzoic acid and opium in the alkaline urine of yesj^al 
disease. 

In Bright's disease and the yarious other forms of aJbu- 
minuria, the phosphates, like most of the urinary ^ts, 
undergo a considerable diminution on account of the di^ase 
of the kidneys preventing their elimination. 

In gout they are also said to be diminished. 

In cases of rickets the phosphates in the urine, espe^allj 
the phosphate of lime, are greatly increased (Leh^ann, 
Neubauer, and myself) — a fact which may be turned tdmost 
useful account in practice. 

Some physicians have erroneously imagined that asi there 
is an excess of phosphates in the urine in cases of r^kets^ 
there can be no lack of them in the system ; where^ it is 
eiutbtly the reverse, the excess in the urine being ol^ained 
from the bones, which gradually become softer and scfter as 
the phosphate of lime is drained from them. In o^er ta 
compensate for this loss, therefore, we ought to giv^to the 
child bone earth (superphosphate of lime). The dose If thi& 
substance for a child of three or four years old is fiv^grains 
three times a-day. As the salt is very insoluble, I, likl many 
others, have had it mixed with various substances, mi^, cod- 
liver oil, glycerine, mucilage, etc., without^ however, alcceed- 
ing in obtaining a good mixture. Indeed, the only true sf-utions 
that I have obtained were made by dissolving bone-firth in 
phosphoric acid, the solution being afterwards renderIL clear 
by the addition of a drop or two of sulphuric acid. They 
contained five grains of phosphate of lime to the* dr^hm of 
syrup. These ** syrups of phosphate of lime" are $-t first 
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colourless, as weU as clear, but gradually after some weeks 
they become of a rich sherry wine colour in consequence of 
the gradual action of the acid upon the syrup. There is one 
great objection to their use, however — namely, that they are 
so acid that many children refuse to take them. 

It is better, therefore, in the majority of cases to content 
oneself with giving the finely powdered bone-earth, either in 
a mixture along with cod-liver oil, or in mUk, without any 
attempt at artificial solution, trusting entirely to the dissolving 
powers of the digestive secretions for its solution and absorption. 

This plan of treatment cannot be too widely known, for it 
is no exaggeration to say that of the numerous cases of rickets 
I have treated with the superphosphate of lime, I do not at 
the present moment recoUect a single instance in which it 
did harm ; while, on the other hand, I remember many that 
were benefited, and several that might be said to have been 
actually cured, by it. The word cured is here used advisedly, 
for I have had children of from two to three years of age 
brought to me at the Dispensary and at the Hospital who 
could neither stand nor walk, although they had already been 
imder the usual routine of treatment, and these same children 
after six weeks' administration of the superphosphate of lime 
have walked into the waiting-room, with no other assistance 
than that of their parent's hand. 

It would be wrong, perhaps, to attribute the entire benefit 
to the superphosphate of lime ; but there can be little doubt 
that the other means were only auxiliary, and that to the 
superphosphate is chiefiy due the successful results. 

The circumstance which had the greatest effect in inducing 
me to give in this way bone-earth was my having noticed that 
the peasant women in the villages round Giessen give their 
children lime along with their mUk. On asking why they 
did so, the answer invariably was, <<to make their legs 
straight" — a point of no mean importance in that country» 
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where it is not the length, but the breadth of the female 
garments which constitute their chief beauty, neither petti- 
coats nor dress being under any circumstances permitted to 
reach below the knee. Whether or no the handsomely- 
formed limbs of the fair sex in the yalley of the Lahn and 
its neighbourhood ought to be attributed to the judicious 
maternal administration of lime may be a matter of opinion ; 
but nevertheless, be that as it may, the two facts here related 
remain undeniable. 

To children of the upper class there is fortunately another 
mode of supplying their bones, muscles, and nerves with 
phosphates — namely, by giving to them bread raised with 
" Brotopian " instead of cream of tartar. This substitute (an 
American preparation) makes bread exactly like that made 
with cream of tartar, and it has the additional advantage of 
containing nothing but what is to be foimd in beef-steak, com, 
wheat, and other cereals. It is also said to have the still 
farther advantage of making the cakes, biscuits, or bread 
more palatable, so that children eat them without hesitation. 

Mollities ossium is another of those diseases in which the 
phosphates are greatly diminished in the bones, while at 
the same time they are increased in the urine (Beale) ; 
and there can be but little doubt that the same treat- 
ment which has been said to be so useful in rickets 
will be equally serviceable here. Indeed, wherever there 
is an excessive elimination of phosphates from the sys- 
tem, without any deposition of them taking place in the 
urinary passages, the best line of treatment to adopt is to give 
more phosphates ; and that, too, for the same reason that if 
you had to bring to a person a pint of water in a pail with a 
hole in its bottom, which you had not the means of stopping 
up, you would put much more than a pint of water into the 
pail in order to allow for the loss likely to be sustained in 
the transit. 
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• When the excessive elimination of phosphates, on the other 
hand, is attended by a deposition of a part of them in the 
urinary passages, in the form of sand, gravel, or stone, an 
entirely different line of treatment ought to be adopted. 

Phosfhatic Gravel and Calculi. 

Earthy phosphates are frequently deposited from urine 

%efore its emission from the bladder. The deposition may take 

jplace either in the kidney, and give rise to a renal calculus ; or, 

what is still more common, but fortunately less dangerous, it 

may take place in the bladder, and produce an ordinary stone. 

The pathology of renal and vesical phosphalic calculi is 
nevertheless very different. Thus, renal phosphatic calculi 
arise in one of two ways — either from the urine containing an 
excess of phosphates, in consequence of a vice in the tissues 
which contain them (bones, brain, &c.) ; or from the urine 
being alkaline at the moment of its secretion in consequence 
of being secreted from abnormally alkaline blood. 

In the case of vesical calculi, on the other hand, in addition 
to the causes just mentioned, there exists still another fruitful 
source of origin in the numerous diseased conditions of the 
bladder itself. Thuf*, for example, whatever induces retention 
of the urine and favours the decomposition of its urea, as 
occurs when a patient is labouring under paralysis of the 
bladder, or stricture may give rise to a vesical phosphatic 
stone. 

Diseases of the digestive organs, which are among the most 
common causes of the other kinds of gravel and stone, also 
exert a particular influence over the formation of phosphatic 
calculi. And the disease affecting these organs has not un- 
frequently so masked the symptoms produced by the stone 
that its presence has remained undetected until revealed by 
the post-mortem examination. 

A specimen of renal calculus, sent to me by Br. Roome 
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while he was Physician to the Dartmoor Prison, furnishes a 
most striking illustration of the correctness of this remark. 
The following is the history :— The patient, a convict, aged 60, 
had liyed a yery dissipated life prior to his conyiction, toid 
during the two years succeeding his conviction he suffered 
from gastric derangement, without presenting any symptoms 
which would haye led to the suspicion of renal disease. This 
is the more surprising, seeing that no less than five ounces ana 
a half of phosphatic calculi were removed after death from tht 
right kidney (the left contained none), and one of the calculi 
alone weighed three ounces and three-quarters. The man 
died from cancer of the pylorus, which induced a stricture of 
the orifice hardly admitting of the passage of a crow-quill. If 
any renal symptoms existed in this case, they were entirely 
masked by the more serious disease of the stomach. All the 
calculi consisted of triple phosphates. 

As regards the first step in the formation of calculi, it may 
be laid down as a general law that their formation in any 
particular part of the urinary tyetem it due to some special local 
cause^ If a calculus begins in a urine tube, it is on account 
of the tube getting blocked up with mucus, epithelium, or a 
little blood. Or it may also arise from the tube being tem- 
porarily constricted in some parts of its course in consequence 
of inflammatory action. Once, however, that the deposition 
of urinary sediment has begun, the original cause is soon lost 
sight of, and the calculus goes on forming round its nucleus 
quite independent of the local condition which first called it 
into existence. 

When a phosphatic calculus, instead of beginning in a urine 
tube, originates in the pelvis of one of the kidneys, there may 
be no absolute obstruction to the fiow of the urine, but merely a 
slight interruption, as from a fragment of mucus adhering to the 
side of the lining membrane of the pelvis. For, when a predis- 
position to the formation of a calculus exists, it requires but a 
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Yery trifling cause to call it into operation. Almost anything 
may form a nest round which the stone will gradually become 
deposited. 

This is no fistnciful description of the formation of renal 
calculi, as you may see by taking the trouble to examine the 
series of examples now on the table, each of which bears 
evidence of the truth of the statement. In fact, the assertion 
might be proved without any specimens at all, from the 
simple circumstance of the frequency with which we meet with 
renal calculi limited to one kidney in patients predisposed to 
stone. That fact of itself clearly shows that the deposition of the 
stone in any one particular spot must be entirely due to some 
local cause. Thus, for example, we have here a kidney, which 
contains no less than flfty-nine uric acid calculi; and yet 
neither in the bladder nor the opposite kidney of this gentle- 
man was a single stone to be found. The deposition of all these 
calculi in one kidney must therefore have been entirely due to 
some local cause. At first sight, the cause does not appear 
very evident, nor is it apparently easy to account for the fact 
that although at least fifty of these calculi are not bigger than 
barleycorns, none of them have found their way into the 
ureter, and from thence onwards into the bladder. The reason 
of the last fact is, however, apparent when the specimen is 
carefully examined, and as it will be easier to explain the 
former proposition after we have discussed the latter fact, we 
shall consider the last first. The largest stone, which, fr^m 
its position and size, is evidently the one which was first 
deposited, is of a very peculiar conical shape, and the apex 
of the cone projects into the orifice of the ureter, and forms a 
movable plug, which is, in fact, a self-acting valve. No sooner 
does the pelvis of the kidney become filled with fluid, than its 
distended walls cease to embtace the stone, and consequently 
the fluid flows past the valve until the pelvic walls again 
eome into contact with it. The separation of the walls from 
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the yalve, although being sufficient to allow liquid to pass, 
does not appear to be sufficient to admit of the escape of even 
the smallest of the stones. Now exactly the same thing as 
we have done artificially with water must haye been daily 
done with the urine. 

Gradually as the urine was secreted, it would distend the 
pelyis of the kidney and separate its walls from the Talve- 
shaped calculus ; but no sooner would this occur than the 
accumulated urine would make its escape. So that every 
now and again there would be little accumulations of urine, 
and during the period of these little accumulations not only 
would the smaller calculi form, but the larger one, the plug, 
would gradually increase in size. In this case, it is perfectly 
evident from the immense number of the calculi that the 
predisposition to stone existed; and from their being all 
limited to one kidney it is just as evident that it was some 
local cause which induced them to select the left instead of 
the right kidney. In Dr. Roome's case, again, it was precisely 
the reverse : all the calculi were found in the right kidney ; 
not one existed in the left ; which is additional evidence in 
favour of our views. 

Inmy own case, moreover, it is further shown, by the absence 
of all calculi both from the right kidney and fr'om the bladder, 
that, although the predisposition to stone existed, yet without 
some local cause no stone would have been deposited in the 
urinary passages of the patient— a most suggestive fact, as 
showing the importance of paying attention to the proper 
performance of the renal function. Who cau tell what a trifle 
at first induced the deposition of the uric acid nucleus, which 
ultimately became the plug and caused the formation of all 
the rest ? 

The foregoing general principles are not alone applicable to 
the pathology of phosphatic, but to all varieties of renal 
calcidi — oxalic, uric, xanthic, etc. 
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As regards the first step in the formation of yesical calculi, 
it may, with equal justice, be said that whenever the predis- 
position to stone exists, it requires but a yecy trivial cause to 
bring it into operation ; for, as with renal calculi, almost 
anything may act the part of a nucleus round which the stone 
will become deposited. An insignificant particle of mucus, 
a microscopic portion of albumen, or an epithelial cell, is all 
that is requisite for the purpose. In the vast majority of 
yesical calculi, indeed, it is impossible to detect the primary 
point round which the urinary salts became adherent ; but 
every now and then we come upon calculi with well-marked 
nuclei, some of which are not only quite foreign to the urinary 
passages, but even foreign to the body itself. Thus, for 
example, this large ammoniaco-magnesian stone (No. 3425 of 
Liston's collection in the museum of University College), 
which was extracted from the bladder of a man aged 60, has 
a piece of beeswax for its centre; while three other small 
calculi (No. 3478), removed from the bladder of a man 
aged 70, have barleycorns as their nuclei. It is perfectly clear 
these substances were not generated spontaneously in the 
urinary passages, and it is highly probable also that they did 
not find their way there quite accidentally; but with the 
mode of entrance we have at present nothing to do ; so we 
may turn our attention to this other vesical calculus (No. 3515 
of the same collection), which was removed from a woman's 
bladder. The nucleus of this stone consists of a piece of bone 
— a foetal tibia, in fact — which found its way by ulceration 
into the bladder from the abdomen, the case having be«n one 
of extra-uterine foetation. Any solid substance, indeed, may 
prove the starting-point of a vesical stone, just as a thread, 
piece of string, or anything else, may form the nucleus of a 
crystal of sugar-candy. 

In connection with the origin of calculi, there is another 
point particularly deserving of attention — namely, that local 
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causes are the most potent in the prodaction of stone, and 
that even where the predisposition to it ezistSi without some 
local cause no stone is likely to form. 

Vesical phosphatic calculi are frequently induced by inflam- 
mation of the bladder. The inflammation gives rise to a 
copious secretion of mucus, which, acting as a ferment, causes 
the urea to decompose, while the urine still sojourns in the 
bladder. The decomposition of the urea leads to the evolution 
of ammonia, which, in its turn, deposits the earthy phosphates, 
and the gradual formation of a stone is the result. 

Many phosphatic calculi have a uric acid nucleus, while 
some few have oxalate of lime for a centre. The deposition 
of phosphates, and consequent increase of the stone in such 
cases, is due to one of the four following causes : — 

1st. Although the patient has recovered, either by time or 
by treatment, from the uric or oxalic acid diathesis, (a) the 
stone that has already formed still remains in the bladder, and 
immediately, or at some future date, causes such an amount 
of irritation as to induce an excessive secretion of mucus ; 
which mucus, acting as a ferment, brings about the decompo- 
sition of the urea, and consequent formation of the alkaline 
carbonate of ammonia ; wliich, in its turn, induces, as in the 
preceding examples, a deposition of the earthy phosphates 
normally present in the urine. 

In this case the deposition of the phosphatic calculus is not 
due to a vice in the general system, but the product of an 
entirely local cause. 

2ndK A patient with a small uric or oxalic acid stone in the 
bladder, which induces no irritation whatever, is on some 
occasion or other seized with retention of urine. It may be 
from stricture, enlarged prostate, paralysis of the bladder, or 

(a) The word diathesis is here employed merely to save a multiplicity 
of words, not from any special significance being attached to its meaniA^« 
wbich is now pretty well understood. 
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any other cause liable to induce it. In consequence of this 
retention the urine becomes decomposed, and a deposition of 
phosphates takes place round the nucleus, the presence of 
which until now was of no importance whateyer. The 
deposition of phosphates is, however, copious, and the stone 
rapidly increases in size, and becomes of itself a source of 
irritation. Here, then, neither the original nucleus nor the 
constitution of the patient is to blame, but a local cause quite 
independent of either. 

3rd. A deposition of phosphates may take place round a 
nucleus of uric acid, oxalic acid, or anything else, not on 
account of its setting up irritation, nor because of the urine 
being retained and decomposed, but from there being an 
excessive elimination of phosphates by the kidneys. In 
common language, on account of the patient labouring under 
the phosphatic diathesis. 

Lastly. A phosphatic calculus may form round a uric acid 
or other nucleus without any of the already-mentioned con- 
ditions existing, but simply and solely from there being an 
absence of that normal acidity of the urine which is essential 
to the retention of the earthy phosphates in solution imtil its 
emission from the bladder. 

The diagnosis of cases of phosphatic calculi, renal as well 
as vesicle, is not only greatly aided by an examination of the 
uiine, which may be said to contain, as a general rule, less 
phosphoric acid than normal ; but even the differential diag- 
nosis of the various causes induciQg the calculi is also aided 
by an examination of that liquid. 

1st. In cases arising from an excessive elimination of phos- 
phates the reaction of the urine is normal, and it has no 
ammoniacal odour, nor does it deposit an excess of mucus. 

2ndly. In those arising from an abnormal alkalinity of the 
blood the urine, although alkaline at the moment of its 
emission, either immediately after meals or during the whole 

L 
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day, has no ammoiiiacal odour, nor does it deposit mucus 
in excess. 

Srdly. In the first and second class of cases the urine is 
ammoniacal as well as alkaline when passed, and usually 
yields a copious deposit of mucus. 

Lastly. The first and second class of cases are readily dis- 
tinguished from each other by their histories. 

Besides the triple or ammoniaco-magnesian phosphate, 
which is the most common kind of phosphatic calculus, there 
IS also another yariety composed solely of the simple phos- 
phate of lime. This is, comparatively speaking, a rare form 
of stone ; and fortunately, its appearance is so yery peculiar 
that it can be readily recognised without an analysis. Its 
external surface is smooth, polished, and shining like glass* 
It is exceedingly brittle, and has the peculiar tendency to 
break into regular layers like an onion. 

Treatment — From what has been already said, it must hare 
been seen that the yarious classes and kinds of phosphatic 
calculi each demand a separate mode of treatment, and that 
the old method of treating all kinds of phosphatic caculi 
alike is radically wrong. The pathology is the guide to the 
treatment. 

In the first class the stone itself has to be attacked ; in 
the second class the cause of the retention is to be removed ; 
in the third class the vice in the tissues has to be got rid of ; 
while in the fourth the normal acidity of the urine is to be 
restored. One and all of these are more or less within 
our power. 

First, as regards the class of cases where the deposition of 
phosphates depends upon a decomposition of the urine taking 
place in the bladder. That we have seen may originate in 
two ways ; and, as we shall again have occasion in another 
lecture to refer to the mode of treating both of the causes 
above specified, we shall for the present take it for granted 



TRKA.TMENT OJT VESICAL GALCULL 147 

that the cause has been remoyed, and that all that has now to 
be done is to get quit of the gravel or stone that has already 
formed in the bladder. 

The common way to remove a vesical stone is, of course, to 
cut or crush it ; but many persons, and especially old people, 
in whom the phosphatic calculus is most common, object to 
either of these operations being performed. What, then, is to 
be done ? Fortunately, in the case of phosphatic calculi, the 
physician has much in his power, for of all calculi the phos- 
phatic are the most soluble ; and if only gravel has as yet formed 
the chance of getting it removed by dissolution is very great. 
The simplest mode of treating such cases is to keep the urine 
constantly acid by the administration of the nitro-muriatic 
acid three times a day, after food, and to irrigate the bladder 
by means of the double irrigating catheter. This is a much 
easier operation than most persons who have not tried it 
imagine. The patient being placed on his back, the double 
catheter is passed into the bladder, the uxine allowed to flow 
out, and then a caoutchouc tube, at least four or five feet long, 
is slid over the end of the catheter, while the free end of the 
tube is dipped into a can containing water acidulated with nitro- 
muriatic acid. The can having been previously placed at a con- 
venient height above the patient — on the top of the bed-post, for 
example — ^the caoutchouc tube is to be so arranged that, when 
the patient is ready, the acidulated water will flow in a regular 
stream down through the tube, along the catheter, into the 
bladder, and from the bladder back again through the other 
division of the catheter, along another caoutchouc tube 
attached to its opening, into a pail placed beneath to receive it. 
If the acidulated water be kept at a temperature of about 99° F., 
the stream through the bladder may be kept up for a long 
time without causing the slightest discomfort to the patient 
after the first sitting or two. 

When the top pail gets empty it is refilled from the other as 
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often as is thought necessary. This treatment being continued 
for a certain time every day, the gravel is gradually dissolved 
without causing the patient any suffering. 

In the third set of cases strict attention should be paid to 
the general health, and an effort made to improve it, and 
thereby restrain the elimination of phosphates from the system 
by a judicious selection of tonics. If this is not effectual and 
the daily waste excessive, phosphoric acid is to be admi- 
nistered, for the reasons previously given.. 

In the fourth class of cases, where the vice lies in the 
abnormal alkalinity of the blood, the strong mineral acids ought 
to be administered. Vegetable acids, on the other hand, are 
to be avoided, from the fact of their being transformed into 
carbonic acid in the system, which only tends to increase the 
mischief. In general, it is sufficient to give the acid after food ; 
but in very bad cases it is sometimes necessary to administer 
acid tonics also between the meals. In many of these cases 
the patients perspire freely, and the sweat is excessively acid, 
which in some measure accounts for the diminution of acid in 
the blood. To this class of patients I find much benefit arises 
from the use of nitro-muriatic acid in conjimction with gentian 
after meals, and a dose of sulphuric acid, to diminish the 
perspiration, between them. The patient's diet must also be 
carefully regulated : the animal food increased, the vegetable 
food diminished. The reason of this is plain enough, if what 
was said in the first lecture regarding the influence of diet on 
the reaction of the urine be considered. Herbivorous animi^la 
have alkaline, camivorouii aninialfl acid urine ; so that the more 
the patient resembles the carnivorous animal in his diet the 
less alkaline his blood, and the more acid his urine will become. 

In trying thus to check the formation of phosphatic gravel or 
stone, care ought at the same time to be taken not to run to the 
opposite extreme ; and, by increasing the acidity of the system 
too much, produce a deposition of gravel or stone of another 
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kind —uric acid, for example. The safeg Aurd against falling 
into this error is found in the condition of the urine. As soon 
as the normal acidity of the urine becomes permanently re- 
stored, the acid treatment and animal diet ought to be stopped. 
The following case is an admirable illustration of the benefit 
to be derived both from the means of diagnosis and the line 
of treatment I am now striving to inculcate. This specimen 
of urine is from Charles R., a patient at University College 
Hospital, now under my treatment for renal phosphatic cal- 
culus in the left kidney. The history of the case is briefly as 
follows : — Charles E,., whose age is 49, came to the Hospital 
on December 1, 1863, complaining of pain in the region of the 
left kidney, which was increased by pressure applied both 
anteriorly and posteriorly. He said he had suffered from it 
during the last fifteen years. But what troubled him even 
more than the pain was the constant desire to make water. 
Sometimes he had to make it as often as six or seven times 
within a quarter of an hour. As a rule, however, he mictu- 
rated only once in eyery two hours ; but after each micturition 
had to go three or four times before the desire entirely ceased. 
At last only a few dtops passed. This was attended with 
great discomfort. During the fifteen years he had been so 
afflicted, he had passed on one or two occasions a chalky-look- 
ing substance ; and a year and a-half ago a little blood came 
away with the urine. As some of these symptoms gave rise 
to the belief that there might be a yesical calculus, I sent 
him in to my colleague. Sir Henry Thompson, and had the 
bladder sounded; but no stone could be detected. On 
analysis the urine was found to be alkaline, and deficient in 
phosphates ; this fact, in conjunction with the history and 
symptoms, led me to the diagnosis of phosphatic renal cal- 
culus, arising from an abnormal alkalinity of the blood. Such 
l)eing the diagnosis^ the patient was ordered to take the 
following mi^^ture three times a 4^7 •-?9> Acidi hydroctUoTici 
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dil., 588. ; acidi Ariel dil., tier, ; infusl chiratse, ^ss. M. 
Already, on December 4, the patient made urine less 
frequently, and stated that he felt better. The quantity was 
1360 c.c. (43^ OES.) ; the specific grayity 1019 ; the amount of 
phosphoric acid 4*725 grammes (73-28 grains). The same 
treatment was ordered to be continued: and when I saw 
ihe patient on the 14th (ten days later) he e^ontaneously 
declared that he had never felt so well during the last fifteen 
years; in fact, he stated that during that whole time 
his life had been a burden to him. The reaction of the 
urine was now acid; and, although its quantity had been 
reduced to 1168 c.c. (38 ozs.) in the twenty-four hours, the 
phosphoric acid had increased to 5*46 grammes (84*63 grains), 
the increase being of course caased by its being no longer 
deposited in the urinary system. Being desirous of seeing if 
this improTcment was entirely due to the medicine, I proposed 
discontinuing it ; but at the urgent request of the patient had 
to content myself with merely diminishing the dose, as he de- 
clared it was the only remedy that had ever done him good, 
and he feared to fall back into his former miserable state. On 
December 21 he returned, saying he was not quite so well, and 
requested to be allowed more of the medicine. The urine 
was again analyzed by my class-assistant, Mr. Mason, in order 
to ascertain if the patient's statement was correct, or if he 
only imagined he was worse. The following is the result of 
the analysis: — Quantity, 1240 c.c. (40 ozs.) ; specific gravity, 
1022. Reaction slightly alkaline. The amount of phos- 
phoric acid, 4*05 grammes (72*07 grains). The urine gave a 
considerable deposit ; which, when examined microscopically, 
was found to contain prismatic crystals of triple phosphate, 
and a few octohedral crystals of the oxalate of lime. The 
examination of the urine, therefore, quite confirmed the 
patient's statement regarding his not being so weU m on the 
full dose of the remedy. 



LECTURE VIII. 

OXALIC ACID DIATHE8IS-0XALUBIA— ITS CLINICAL 810- 
NIFICANCB AND TREATMENT— MULBERRY CALCULI. 

SULPHATES; THEIR OHEMISTRT, FHTSIOLOGT, AND PATH- 
OLOGY. 

Chbmistut. 

Teb well-known poison, oxalic acid, which so closely resembles 
the sulphate of magnesia in appearance as to be frequently 
mistaken for it, although one of the most powerful of the 
organic acids, appears to be an almost constant component of 
the blood. It 1b, however, rarely present in sufficient quantity 
to give rise to any inconvenience ; and is only excreted from 
the kidneys in appreciable amount under certain abnormal 
conditions of the system, or after having been taken in medici- 
nal or poisonous doses. Its presence in solution is easily 
recognised by the property it has of giving with any soluble 
salt of lime a white precipitate possessing well-defined crys- 
talline characters. As usually met with in the urine, the 
oxalic acid is already iu combination with lime, and fortunately 
it is so ; for the quantity is generally so small that, were it not 
for the fiEtcility with which the crystals of oxalate of lime are 
recognisable with the microscope, its presence, in the majority 
of instances, would escape detection. 

The oxalate of lime is most readily detected in the following 
manner : — Put about six ounces of freshly-passed urine into 
a conical glass ; and, after it has stood for eight or ten hours, 
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place a drop of the sediment under the microscope ; and, as the 
crystals are exceedingly minute objects, examine with a high 
power, at least a quarter of an inch. If the urine has deposited 
some mucus, the mucus ought also to be examined ; for the 
oxalate of lime crystals are often entangled amongst it, and 
are thereby prevented fiEdling to the bottom of the vessel. The 
various forms assumed by the crystals, as seen under the 
microscope, are represented in Figure 14. 

Fio. 14. 




Oxalate of lime from human urine. 

They may be divided into four well-marked groups — ^the 
octohedron, the dumb-bell, the irregular disc, and the well- 
defined diamond-shaped crystal. Of all these four forms, 
however, it is the octohedron alone which is characteristic of 
the oxalate of lime. Lithates may be foimd as dumb-bells, 
carbonate of lime as discs, and \iric acid as small diamond, 
shaped crystals, whereas the only other urinary ingredient 
which ever crystallises in octohedrons is the chloride of 
sodium ; but there is no possibility of error on that score, as 
it is so extremely soluble as never to appear as a spontaneous 
deposit in the renal secretion. Furthermore, it may be re- 
marked that, even in those cases where the oxalate of lime 
assumes the shape of dumb-bells, discs, or diamonds, there 
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usually happens to be present at the same time sereral octo- 
hedrons ; so that the danger of falling into error regarding the 
nature of the deposit is yery slight. 

The only two sediments that I can imagine it possible the 
oxalate of lime can be confounded with are those of triple 
phosphates, and \iric acid. The prisms of the former may, 
perhaps sometimes to beginners, appear almost octohedral in 
shape ; and the diamonds of the latter look so small as to lead 
to the idea of their being oxalates. But even then a trifling 
chemical manipulation will set the point at rest ; for by the 
addition of acetic acid the phosphates will be dissolved, and 
by the addition of caustic potash the \iric acid will disappear, 
while the oxalate of lime crystals, on the other hand, resist 
the action of either of these agents. 

When the presence of oxalic add in the urine in a free state 
is suspected, to a portion of the liquid is to be added a few 
drops of acetic acid, and then a solution of a salt of lime — 
chloride, for example — and the mixture placed aside for a few 
hours to crystallise. The sediment is then to be examined 
microscopically as above described. 

Quantitative Analysis, — ^To make a quantitative estimation 
of the oxalic acid in human urine is extremely difficult ; and, 
for clinical purposes, one usually contents himself by guessing 
at the amount from the number of oxalate of lime crystals 
present in the field of the microscope. But in cases where it 
is deemed advisable to make a closer approximation of the 
amount of oxalic acid daUy excreted by the kidneys, the fol- 
lowing method is to be adopted. The urine for the twenty- 
four hours is collected and carefully measured. To a sample 
equal to 200 c.c. is then added some milk of lime, and the 
mixture evaporated to dryness. The residue, after being 
acidulated with acetic acid, is next extracted with repeated 
portions of alcohol, and the alcoholic solution shaken up with 
about 50 per cent, of ether, which throws down the oxalate of 



154 OXALIC ACID 

lime as an insoluble deposit. This is collected, washed, dried, 
and weighed, and the whole amount passed in the twenty-four 
hours estimated therefrom in the usual way. (See the formula 
under the head of uric acid.) 

Phtsioloot. 

It is still a debated question whether or not oxalic acid is 
a normal constituent of the human frame. Bocker says he 
passes '092 granmie (1*42 grains) in his twenty-four hours' 
urine ; but, whether this amount is furnished by the disinte- 
gration of the tissues, or is the direct product of the food, it is 
extremely difficult to say. Oxalic acid is widely distributed 
throughout the regetable kingdom. Many fruits, and the 
majority of vegetables, contain considerable quantities of it ; 
whilst in rhubarb, and sorrel it exists in great abundance. 
Moreover, many foods which do not naturally contain oxalic 
add are readHy transformed into it in the system. Among 
these may be mentioned starch, sugar, vegetable acids, salts of 
the vegetable acids, and carbonated alkalies. It is, therefore, 
almost impossible to prevent its finding access to the body ; 
and, consequently, my own impression is that it ought to be 
regarded as one of the normal ingredients. WhUe making 
this assertion, however, I wish specially to guard against it 
being supposed that I am one of those who look upon the 
presence of oxalate of lime in the urine as a matter of trivial 
importance ; for, on the contrary, as normcU urine never con^ 
taina any sediment ^ the appearance of oxalate of lime or of any 
other crystals within twelve, or even twenty-four hours after 
the \irine has been passed, is a sure indication of the existence 
of an unhealthy condition of the system — temporary it may 
be, but nevertheless abnormal. 

Oxalic acid to be normally eliminated from the body ought, 
like all the other natural ingredients of the frame, to be ex- 
creted in an invisible form ; and I strongly suspect that it will 
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]ret be found that the bealthj human body doea in reality 
daily eliminate a small quantity of oxalic add in a aoluble 
and consequently invisibls form ; for erery now and then, tm 
evaporadnf; what has appeared to be normal urine to nearly 
dryness, I have met with crystala of the oxalate of urea 
(Fig. 16), both the oxalic acid and the urea having i( 




infisible unUl the liquid viaa highly concentrated. Oxalic 
acid has in some cases been detected in human hlood. Qairod, 
for example, in aearching for uric acid in the serum, has occa- 
sionally encountered crystals of the oxalate of lime- 
When oxalates axe given in larf^e doaea medicinally, as well 
as when a poisonous quantity is taken, either suicidally or by 
accident, the blood becomes so saturated with the acid that 
leechea fkll off and die ere they have been many minutes 
attached to the skin, and before they have sucked beyond a 
very small quantity of blood. I have myself observed this on 
two separate occasions. 

Oxalic acid appears to be manufactured even in the human 
body ; for, whenever the metamorphosis of some of the animal 
firoducls is interrupted, a deposit of oxalates makes its appear- 
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It 18 now generally admitted as a recognised fact, that 
nxea is the last product of the retrograde metamorphosis of 
the nitrogenised tissues ; and also, that it is in the form of 
urea that the greater part of the albuminoid group of foods 
is excreted from the system* Uric acid, on the other hand, 
is supposed to be one of the intermediate products of this 
metamorphosis. For three reasons : — 

1st. Because, by the action of permanganate of potash on 
albuminous substances, uric acid may be artificially obtained; 

2ndly. Because, by the further action of permanganate of 
potash, uric acid is transformed into urea ; and 

3rdly. When uric acid is taken into the system, it reappears 
in the urine in the form of urea ; whereas, when urea itself is 
taken, it passes through the body unchanged. 

We may now add that oxalic acid is also one of the inter- 
mediate products in the retrograde metamorphosis both of the 
tissues, and of the albuminoid group of foods ; for, as is well 
known, although uric acid, when perfectly oxidised, is com- 
pletely changed into carbonic acid and urea, when anything 
intervenes to interrupt the oxidation process, the products are 
carbonic acid, urea, and oxalic acid. The same transformation 
also occurs in the body; for, wheneyer an excess of uric acid is 
taken internally, or injected into the blood, it appears in the 
urine partly in the form of urea and partly as oxalic acid. 
By perfect oxidation, on the other hand, both in and out of 
the body, \iric acid is completely transformed into urea and 
carbonic acid. Hence we have no difficulty in comprehending 
why a deposit of oxalates is so frequent a concomitant of 
diseases of the respiratory organs. 

There are several other animal substances besides uric aci4 
that are convertible into oxalic acid. Thus, creatin, when 
acted on by the permanganate of potash in alkaline solutions, 
yields oxalic acid. Leucin, tyrosin, and guanin also yield 
oxalic acid, and so does lactic acid. The neutral fats, too, by 
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lengthened heating with nitric acid, are, among other things, 
transformed into oxalic acid. 

It would therefore seem that, while the amount of oxalic 
acid present in the healthy animal body may be said to be 
derived directly from many yegetables and fruits, and indi- 
rectly from the whole three groups of food — albuminoid, flatty, 
and saccharine, — ^that met with in disease is not only the 
combined derivatives of all the different kinds of food, but 
also the direct product of the interrupted retrograde meta- 
morphosis of the various animal substances above alluded to. 

Pathology. 

The term oxalic acid diathesis, or, as it is now usually called, 
t)xaluria, is given to a class of cases in which the urine during 
days, weeks, or even months contains a deposit of oxalate of 
lime. This deposit is usually accompanied by a peculiar but 
well-marked train of symptoms, which have recently received 
special attention from Begbie, Beneke, Frick, and others. 
The symptoms axe mostly of a nervous and dyspeptic cha- 
racter, and although not dangerous in themselves, are never- 
theless deserving of the closest attention of the physician ; for 
when left imattended to they oftentimes drift into those of 
confirmed hypochrondriasis, and end by rendering the unfortu- 
nate patient little else than a nuisance, both to himself and his 
friends. Supposing even that this form of the affection is 
escaped from, another still more dangerous, though less dis- 
tressing, is sooner or later sure to arrive — namely, the forma- 
tion of gravel or stone. 

Oxaluria is more frequently met with in men than in women, 
but the latter are not entirely exempt from it. Moreover, it is 
most common among persons in the prime of life, and in the 
better classes of society. Its most prominent symptoms are 
disordered digestion, irregular and capricious appetite, flatu- 
lence, and a feeling of oppression in the chest after eating ; 
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irritability of the heart, inducing palpitation on the slightest 
exertion or excitement. After a time the disposition becomes 
morose ; and the merest trifles are sufficient to disconcert the 
patient. Both resolution and activity are wanting ; and the 
daily routine of ordinary business becomes irksome in conse- 
quence of every trifling mishap being magnified into a serious 
evil. 

At this stage the disease is still amenable to treatment ; and 
by proper attention to diet, fresh air, exercise, and a regular 
course of acid tonics, the oxaluria may be completely removed 
in a comparatively short space of time. If, however, this 
stage of the affection is allowed to pass unheeded, the patient 
soon begins to suffer from heat or pain in the kidneys, 
shooting or extending deep down in the loins, and irritability 
of the bladder, inducing frequent micturition. At the same 
time, the urine has a tendency to throw down a somewhat 
copious deposit of white mucus, entangled among which 
may be found numerous crystals of the oxalate of lime. In 
the most inveterate cases the patients complain of being impo- 
tent, and suffer from the usual train of symptoms associated 
with stone in the kidney or bladder. 

The presence of oxalates in the urine denotes, of course, the 
pre-existence of oxalic acid in the blood ; and it is now gene- 
rally conceded that the dyspeptic, as well as the nervous 
symptoms just alluded to, are the direct result of the chronic 
poisoning of the brain and spinal cord by the minute quanti- 
ties of oxalic acid in the circulation. The renal and vesical 
symptoms, on the other hand, are no doubt due to the local 
mechanical effects of the oxalic deposit in the kidneys and 
urinary passages. 

Beneke thinks that there is still another class of evils due to 
oxalic acid blood-poisoning. He believes that the oxalic acid 
circulating in the blood dissolves out from the tissues, and 
removes from the system the phosphate of lime, thereby 
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diminishing the actiyity of the various organic processes of 
which life is the manifestation. Whether or not this be in 
reality the case, I am not prepared to say ; all I know is, that 
an abnormal deposition of phosphates in the urine is not an 
un&equent accompaniment of oxal\iria. In these cases the 
urine is either alkaline, neutral, or, at the very most, feebly 
acid at the moment of being passed. On boiling, it deposits a 
quantity of amorphous phosphates, which are again re-dissolyed 
on the addition of acetic acid. In such cases of mixed phos* 
phatic and oxalic deposit, a ready way of ascertaining how 
much is due to the presence of phosphates, and how much 
consists of oxalates, is to add acetic acid to the sediment. The 
acetic acid, by dissolving away all the phosphates, allows the 
amount of the insoluble oxalates to be estimated. 

Again, in another class of cases which is much more common, 
the deposition of phosphates apparently succeeds the oxaluria, 
for one constantly encounters mulberry (oxalic acid) calculi 
with an external coating of phosphates upon them. As this, 
however, may, in many instances, be due (as was pointed out 
in the lecture on phosphates) to a mere local cause, I beg to 
direct your attention to this phosphatic stone (No. 3462 of 
Liston's Collection in University College Museum), which 
beautifiilly illustrates the fact that it is not always so, and that 
a phosphatic may both precede as well as succeed an oxalic 
acid diathesis. The surface of the section is perfectly snow- 
white, except at a point nearly equidistant from the centre 
and the circumference, where a dark circle, one-twelfth of an 
inch in thickness, runs through the stone. This line of inky 
blackness, forming such a striking contrast to the snow-white 
phosphates, is entirely composed of oxalate of lime. Thus it 
is seen that, even in a urinary concretion, the clinical history 
of a patient may be read as truthfully as the geologist can 
trace the early history of the earth in the different strata 
forming its crust. 
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This patient's general constitution of body was phosphatic ; 
and for months — aye, probably eren for years — he suffered 
from a deposition of phosphates in the bladder. But suddenly, 
and for a time, either through treatment or otherwise, a change 
took place in his system, and the phosphatic deposition was 
arrested. During this period, however, the patient laboured 
under another evil. His blood was loaded with oxalic acid, 
which his kidneys daily and hourly eliminated in the form of 
oxalate of lime, which gradually deposited itself round the 
phosphatic stone. By-and-by, however, he got rid of his 
oxaluria, but unfortunately only to return to his old habit of 
body ; for here we see the phosphates were again deposited, 
and continued to be so until the stone nearly reached three 
inches in diameter. 

The occurrence of such a state of things at the present 
day, when the enlightened teachings of physiological che- 
mistry have placed in our hands the means of arresting both 
the phosphatic and oxalic diathesis, would be a discredit to 
Medicine. Fortunately, however, the schoolmaster is abroad 
in ours as well as in other professions ; and we are not likely 
to meet with such a case. 

In the above example the oxalic was temporarily engrafted, 
as it were, upon the phosphatic habit of body ; but this state 
of matters may be exactly reversed, and a person with an oxalic 
acid constitution may for a time suffer from the phosphatic 
diathesis. The truth of this statement is well illustrated by a 
calculus in the museum of the Koyal College of Surgeons 
(H. b. i., described at p. 131, and figured in plate ix., of the 
Catalogue). The centre of the stone is composed of the oxalate 
of lime ; surrounding this is a broad layer of white phosphates ; 
and outside of that again is a well-marked covering of dark 
oxalates ; thereby showing that the phosphatic only temporarily 
replaced the original oxalic constitution of body. 

Now, just as oxaluria may be engrafted upon a phosphatic 
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constitation, and vice versttt so may oxaluria be engrafted upon 
the uric acid habit of body, and vice versa. 

In 1861 a fish-dealer, aged 24, labouring under stone, applied 
to me for relief, and on examining the sediment in his urine 
with the microscope, I found that it consisted of mucus, and 
bladder epithelium, together with crystals of oxalate of lime, and 
uric acid. The coexistence of these crystals did not in the least 
surprise me, for I had already profited by the clinical teach- 
ings of this other calculus (No. 3662, Liston's collection, Uniy. 
Coll. Museum), in which it is clearly shown that oxaluria may 
for a time be engrafted, as just said, upon the uric acid diathesis. 
The central part of this stone is pure, or nearly pure, uric 
acid ; then comes a broad layer of oxalate of lime, and lastly 
another layer of uric acid ; thus showing, as in the other case 
previously alluded to, that when the patient recovered from 
his attack of oxaluria it was not to get well, but only again 
to fall back to his old habit of body — ^in this instance most 
probably a gouty one. 

As formerly said, crystals of uric acid and of oxalate of lime 
occasionally coexist in the same urine. The cause of this 
some might consider accounted for by Br. Owen Ilees's 
theory, which is, that not only does the uric acid diathesis 
frequently give rise to a deposition of oxalate of lime, but 
that all the oxalate of lime met with in human urine is the 
direct product of the decomposition of the uric acid during 
its sojourn in the urinary passages. He bases this assertion 
on the circumstance of urates being directly convertible into 
oxalates by boiling. 

In 1859 I carefully repeated Br. Kees's experiments on this 
point, but invariably with a negative result, and since then I 
notice that other observers, among whom may be mentioned 
Racle and Parkes, have equally failed in confirming the asser- 
tion. All, however, agree with that gentleman in saying that 
the uric acid is frequently closely associated vdth the oxalic 

M 
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acid diathesis. Indeed, oxalate of lime is frequently met with 
as a spontaneous deposit in the urine of gouty patients, either 
alone or associated with uric acid, and this is not to be won- 
dered at, seeing that many of those things which favour the 
appearance of oxalate of lime in the urine are precisely those 
which tend to create an excess of uric acid in the blood, and 
thereby bring on an attack of gout, — high living, excessive 
use of stimulants (either yinous or spirituous), sedentary habits, 
and such like. 

The last calculus examined showed that the uric acid might 
both succeed and precede the oxalic acid diathesis. Here is 
another stone, also from Liston's collection (No. 3661 a), 
which shows equally clearly how the uric acid deposit may 
be succeeded by the deposition of oxalate of lime, and that 
again in its turn be followed by a deposition of phosphates. 
In this case, howeyer, the deposit of phosphates may not have 
arisen from the patient's labouring under the phosphatic 
diathesis, and consequently excreting an excess of phosphates 
from his system, but be simply due to a local cause exciting 
local changes, the climax of which being the deposition of 
the phosphates normally existing in the urine. 

These changes may be classified in three groups : — 1st. The 
irritation caused by the presence of a stone in the bladder 
excites an excessive secretion of mucus, which (2nd) in its 
turn brings about the decomposition of the urea, the ammonia 
of which, by rendering the urine alkaline, (3rd) causes the 
precipitation of the phosphates. 

This stone teaches us, therefore, another important clinical 
fact — ^namely, never to allow a calculus to remain in the bladder 
of a patient longer than we can help ; and if its removal is 
beyond our power — which is seldom the case — ^to prevent at 
least its enlargement by any subsequent depositions. The 
time is now arrived, in fact, when calculi ought to become 
exceedingly rare, for if the patient applies for advice sufii- 
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ciently early the scientifically educated physician has it in 
his power entirely to prevent the formation of certain kinds 
of stone ; and it is probable that the day is not far distant 
when a patient with a stone of any size in his bladder will be 
looked upon in the light of a clinical curiosity. As I said 
once before, the weak point in Medicine does not consist in a 
lack of remedies, but in a deficiency of knowledge or discri- 
mination in the selection of them. 

Even in the treatment of a case of simple oxaluria skill 
and judgment axe required. A remedy that is suitable for one 
patient may be quite inappropriate for another ; and even in 
the same patient, life being an eyer fluctuating quantity, the 
remedy which was beneficial at one time may prove prejudi- 
cial at .another. For example, I have seen cases of oxaluria 
which had resisted all the usual routine of mineral acid 
tonics, at once entirely disappear when the patient was put on 
the acid phosphate of soda, and vice versa. 

In the treatment of oxaluria, as in that of every other 
disease, the period of life, the state of the general health, the 
condition of the various vital organs, the circumstances of 
the patient, etc., must all be taken into accoimt if we desire 
to prescribe otherwise than empirically. This observation 
will be stiU better appreciated after I have called attention to 
the importance of the proper performance of the respiratory 
functions in these cases. Whatever impedes pulmonary 
arteriaHsation increases the amount of oxalic acid in the 
blood, and, as is known, an excess cannot long exist in the 
circulation without making its appearance in the urine in the 
form of oxalate of lime. 

There can be no difficulty felt in imderstanding how impeded 
respiration gives birth to oxaluria when what was said regard- 
ing its physiology is remembered. It was then pointed out 
that many of the animal products, which by perfect oxidation 
are converted into urea and carbonic acid — among these we 
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numbered nric acid, lactic acid, sugar, fiat, creatm, leucin, tyro- 
sin, and guanin — ^by imperfect oxidation are changed into other 
substances, among the chief of which is oxalic acid. The 
lungs and kidneys are here again seen to perform a Ticarious 
part, for when oxidation is complete the lungs exhale the 
carbonic acid, and when incomplete the kidneys eliminate the 
oxalate of lime. This, indeed, is the explanation of the so- 
commonly-observed fact that in the urine of patients labouring 
under bronchitis, phthisis, pneumonia, and emphysema, there 
is a temporary deposit of oxalate of lime. 

Eyen in those diseases where the pulmonary arterialisation 
is only indirectly interfered with — as, for example, in heart 
and liyer affections impeding the pulmonary circulation — 
oxalates likewise make their appearance in the urine. 

Perhaps for an analogous reason crystals of oxalate of lime 
are of common occurrence in the first urine passed in cholera. 

Then, again, we must never lose sight of the necessity of 
paying special attention to the ingesta in cases of oxaluria. 
Diet here has an important influence, for there can be no doubt 
that a large amount of oxalic acid finds its way into the system 
along with the food and drink. All vegetables and fruits rich 
in oxalic, citric, malic, and tartaric acids are to be scrupulously 
avoided. A little indulgence in a rhubarb tart will often cause 
a temporary deposition of the oxalate of lime in the urine of 
the most healthy, and an apple pudding greatly augment it in 
those predisposed to such deposits. 

Champagne, Moselle, and other sparkling vdnes ought for a 
similar reason to be avoided. Even the common fermented 
liquors had better be left off, and if stimulants are required, 
the spirituous form, brandy, whisky, or gin, is to be preferred. 
Carbonated alkalies are also to be refirained from, as they are 
transformed into oxalates in the body. The quality of the 
drinking water must also be inqidred into, for should it by any 
cliance contain an excess of lime, its habitual employment will 
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completely frustrate our best efforts at treatment. If oxalic 
acid is to be eliminated at all from the body, it must be elimi- 
nated in a soluble form, and our remedies will utterly fail to 
do so if an excess of lime is at the same time present in the 
urine. The oxalic acid will of course combine with the lime 
in preference to anything else, and thereby form one of its 
most insoluble of salts. Lime is, in fact, the agent we employ 
to detect small quantities of oxalic acid in solution ; so that at 
all hazards the lime must be got rid of from the drinking 
waters The simple process of boiling will separate a large 
quantity of it, but if that is not sufficient distilled water must 
be employed. This may be obtained from any neighbouring 
steam-engine, if nothing else is at hand ; and to make perfectly 
sure that it is clean it may be passed through a charcoal filter 
before being brought to the table. As distilled water is a 
very unpalatable drink, a little toast may be soaked in it ; or, 
what most patients prefer, a small quantity of brandy added. 

Oxalate of lime and phosphatic calculi are the two most 
common forms of stone met with in districts where the water 
is impregnated with large quantities of lime ; and it is astonish- 
ing how long it sometimes takes to arrest these deposits in 
persons habitually accustomed to the use of such waters. It 
seems as if the system in some cases required a long time ta 
free itself of the lime with which it had become impregnated, 
and this is the more unfortunate as many of these axe examples 
of renal calculi, which there is no possibility of getting at 
except by means of solvents. 

In an early part of this lecture it was mentioned that 
oxaluria is most common in the prime of life ; but as there 
are exceptions to every rule, this one is also occasionally 
departed from, and we meet with the oxalic acid diathesis in 
childhood as well as in old age. A similar remark is equally 
applicable to oxalate of lime calculi, which, although rarely, 
are still to be met with both in early and advanced life. Quite 
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recently I saw in consultation, along with Mr. Owen, of Cleve- 
land-square, a gentleman who, though 70 years of age, had 
just passed by the urethra a small oxalate of lime calculus, 
which, judging from its size and appearance, must have been 
of very recent formation. The history in this case tended to 
the belief that the stone had been formed in the left kidney. 

As regards the special pathology of this kind of renal calculus, 
one word is here necessary. For, according to Hassall, Beale, 
and some others, the dumb-bell-shaped crystals of oxalate of 
lime are more frequently the originators of mulberry renal 
calculi than the octahedral form. This idea, I belieye, 
originally sprang from the fact that dumb-bell-shaped crystals 
are occasionally found imbedded in the fibrinous casts so 
commonly met with in the urine of cholera ; and as the 
fibrinous casts are formed in the renal tubes, the oxalate of 
lime crystals, it is supposed, have also formed in the same 
situations. Beale has even found dumb-bell crystals in the 
renal tubes ; but, from my own observations, I may add that 
not alone are dumb-bell, but also octahedral, crystals occa- 
sionally to be found in the tubes of the kidney ; and therefore 
it is highly probable that occasionally the one and occasionally 
the other forms the nucleus of renal mulberry gravel, and 
stone. It matters, however, little which it is, as the treatment 
of both is identical. 

I cannot leave this subject without briefiy calling attention 
to a remarkable case in which an exudation of crystals of 
oxalate of lime occurred on the cutaneous surface of a man 
labouring under retention of the urine, as it is a good illustra- 
tion of the vicarious action of the skin and kidneys, and 
forcibly points to the importance of paying attention to the 
one while the performance of the functions of the other are in 
abeyance. 

• The case occurred in the practice of Dr. Hingston, of 
Montreal. The patient, after sufiering for two days from 



SULPHATES. 167 

retention of urine depending upon stricture of the urethra, 
was attacked with phlegmasia of the left leg. The limb pitted 
on pressure, and patches of a bright red colour, painful to 
the touch, appeared about the knee. On the following day 
these subsided, and the patient became bathed in perspiration, 
with a strongly urinous odour. The face had a deep yellow 
cadaverous appearance, and the respiration was laboured. On 
the following morning— that is to say, the fourth of the reten- 
tion — ^the face and uncovered portions of the neck and hands 
felt to the touch as rough as sand paper. On examination the 
roughness was found to be due to the presence of cuboid 
crystals of the oxalate of lime. The patient died a day or two 
afterwards in a convulsion from ura^mic poisoning, (a) 



SULPHATES-^THBIR ChEMISTRT, PhTSIOLOOT, AND 

Pathology. 

Sulphuric acid is one of the normal constituents of human 
urine. It is combined mth potash in the form of a soluble 
sulphate. 

Chsmiatry, 

Sulphuric acid needs no description. Its presence is easily 
detected by adding a few drops of hydrochloric acid to a 
drachm of urine in a test-tube, and then a drop or two of a 
solution of chloride of barium, when an immediate white pre- 
cipitate indicates the existence of sulphuric acid (sulphates). 
The precipitate is quite insoluble in either hydrochloric or 
nitric acid. 

Quantitative Analysis, — Prepare a standard solution by dis- 
solving 30*5 grammes (473*75 grains) of dry crystalline chlo- 
ride of barium in 1000 cubic centimetres (32*26 oz.) of dis- 

(a) DuJb. Hoip. 0(u.f August 16, 1859. 
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tUled water. One cubic cent, of this solution represents the 
equivalent of 0*01 gramme of sulphuric acid. 

Haying prepared or procured the above solution, proceed as 
follows : — ^Add to 50 c. c. of urine five drops of hydrochloric 
acid, and after stirring the mixture well, drop in the standard 
solution from the apparatus described omder the head of urea 
until a precipitate ceases to form, or, still better, until a few 
drops of a solution of sulphate of magnesia, when added to a 
portion of the urine plus the standard solution, give rise to a 
haziness. The haziness of course indicates that all the 
sulphuric acid which was originally in the urine has been 
removed, and that there is present in the mixture an excess 
of the standard solution, which combines with the sidphate 
of magnesia. The amount in the twenty-four hours' urine 
is then ascertained by the ordinary method of calculation* 
described under the head of Urea Analysis. 

The amount of sulphuric acid in healthy human urine 
depends on two things — 1st, the metamorphosis of the tissues 
containing sulphur and sulphates ; and 2nd, on the food. The 
quantity daily excreted in normal urine varies from 1*123 
(Becquerel and Hodier) to 2*094 grammes (Gruner, weight 
120 lbs.). The minimum amoimt is passed during £susting; 
the maximum, after a full meal. Animal diet increases the 
amoimt ; vegetable food diminishes it. Exercise, both mental 
and physical, increases it. As only a small portion of sul- 
phates is foimd in healthy blood, their use in the animal 
body is thought by some not to be indispensable ; thus differ- 
ing very materially from the chlorides. It is generally stated, 
too, that there are no sulphates in the bile, gastric juice, and 
milk ; but this is an error, as I have detected them in all of 
these secretions. In the bile there is a large quantity of sul- 
phur in the fine white crystalline product taurin. The chief 
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part of the sulplmric acid found in the uiine, however, comes 
from the food. Some foods are exceedingly rich in sulphur 
(peas, for example), and give rise to great disengagements of 
intestinal fiatus loaded with sulphuretted hydrogen gas. 
Lettuce and cabbage have, in some persons, a similar effect. 
When alkaline sulphates are taken as medicine (sulphate of 
magnesia) the urine contains a large amount. 

Pathology. 

Bence Jones found the excretion of sulphuric acid increased 
in delirium tremens ; and Parkes relates the case of a boy, 
aged 14, who, while labouring under an attack of febricula, 
passed the large amount of 29^ grains daily; the average 
amount passed by a healthy male adult on full diet being only 
2 ^ammes, or 31 grains. 

It must be admitted that there is still very little known 
regarding the absolute quantity of sulphuric acid eliminated 
in disease. All the urinary sulphates being soluble, no spon- 
taneous precipitate of them ever takes place ; and consequently 
but little attention is in general paid to the subject. Heller, 
however, says there is a great increase in the urine in inflam- 
matory affections, even in spite of the low diet, and that, on 
the other hand, there is a diminution in cases of chlorosis and 
affections of the spinal cord, as well as in disease of the 
kidney. But as Lehmann has doubted the correctness of 
these views, the whole subject requires complete revision. 



LECTURE IX. 

ON THE CLINICAL SIGNIFICANCE AND PATHOLOGICAL IM- 
PORTANCE OP THE PRESENCE IN THE URINE OF INOSITE— 
CREATIN AND CREATININ— CH0LESTERIN-CY8TIN, (CAL- 
CULI)— XAN THIN, (CALCULI)— LEUCIN— AND TYROSIN. 

INOSITE — INOSUEIA. 

Inositbia is a term given to certain morbid conditions which 
are characterised by the presence of inosite in the urine. 

Chemistry, 

Inosite was first discovered by Scherer in 1850 in the mus- 
cular substance of the heart, in which it exists in considerable 
quantity. It is a beautiful white crystalline body, and by its 
discoverer was thought to be a kind of sugar, in consequence 
of its composition being represented by Ci2H,20i2» which is 
precisely the same as that of sugar of milk. When analysed 
without previous desiccation, it contains four equivalents of 
oxygen and hydrogen more than represented above ; hence, two 
equivalents of water more than cane sugar and four more than 
milk sugar. Further observation has, however, shown that, 
although inosite is isomeric with sugar, its reactions are too 
different to allow of its being placed in the saccharine group. 
For example, it neither browns with potash nor reduces the 
oxide of copper, which are, as is well known, two of the most 
characteristic properties of grape sugar. On the other hand, it 
resembles sugar in being very soluble in water and only 
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sparingly soluble in alcohol ; also in being by fermentation 
changed, among other things, into lactic acid. It is, however, 
incapable of alcoholic fermentation. 

The presence of inosite in water is readily ascertained by 
adding a drop or two of nitric acid and evaporating the mixture 
in a capsule. After cooling, the dry residue is moistened with 
a drop of the chloride of lime and ammonia, and then gently 
warmed, when a fine rose colour indicates the presence of 
inosite. After a short time the colour fades away in conse- 
quence of the compound having absorbed water from the 
atmosphere, but on being again dried the red tint reappears. 

As the presence of uric acid interferes with this test, Gallois 
proposes the following method for the detection of inosite in 
urine: — 

To an oimce or two of urine a saturated solution of the 
neutral acetate of lead is added until a precipitate ceases to 
form. The mixture is then filtered, and to the clear liquid 
which contains the inosite basic acetate of lead solution is 
added, which precipitates the inosite in the form of an insoluble 
lead compound. After standing twenty-four hours the super- 
natant liquid is thrown away, and the precipitate washed 
with distilled water as long as any soluble matter is extracted. 
After this the compound is mixed with an ounce or two of 
distilled water and a current of sulphuretted hydrogen gas 
passed through it, until the lead is all separated in the form 
of insoluble sulphuret, which is collected on a filter, while 
the clear filtrate containing the inosite is evaporated to 
nearly dryness. When nearly dry, a drop of the nitric oxide 
of mercury is added, heat is again applied, and as the liquid 
becomes dry a fine rose colour is produced if inosite be present. 

When albuminous urine is being tested, the albumen must 
be first separated with acetic acid and heat. In the case of 
diabetic urine, on the other hand, tribasic instead of the 
ordinary basic aceftte of lead solution is employed, and the 



precipitate waslied bo long aa sugar comes away, vhicb. is eesilj' 
Bicertained by the ordinary reactionj. In. otlier respects the 
taetbod of analysis is the same. 

PAt/>ioloffif. 

As already said, Scherer found inosite in the tissue of the 
heart ; but this is not the only organ of the body in which it 
ia met with. In 1852, while working vith Robin and Verdeil, 
I discovered inosite la the Toluntory muscular fibre of the ox, 
and succeeded in prepaiing some very fine crystals of its com- 
pound with baryta &om a few pounds of beef-steak. 

An admirable drawing, as well as a full description of these 

crystals, was subsequently given by Robin and Verdeil in their 

" Chimie Anatomique." (a) The subjoined figure (16) ia a 

Pro. 18. 




Crystals at the inoaUc at tauTlti from voluntai? miucls. 
copy of afew of the most characteristic forms there represented. 
The crystals are colourless and transparent. Some appear as 
groups of fineneedles (d), others as stars (<), and a &w of the 
larger bundles are fim-shaped (c). Occasionally also oblong 
(») rH(V01.U..p.4S9,and PlataXLvT^IthBitlB. 
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plates, singly or in groups {a, 6), are found mixed up with a 
few free needles. 

Inosite is not alone to be met with in the muscular tissues 
of the organism, but also in the brain (Mtiller), lungs (Cloetta), 
spleen, and pancreas. It must, therefore, be regarded as one 
of the normal constituents of the body. The part it plays 
there is, however, still imknown, although, in consequence of 
its crystalline nature, it is highly probable that it is — like urea 
and uric acid — one of the effete products of healthy action. 

Pathology, 

According to the recent researches of Dr. X. Gallois, (a) 
healthy human urine is devoid of inosite, whereas, as Cloetta 
first pointed out, both in the urine of albuminuria and diabetes, 
it exists in appreciable quantity. 

Although it would thus appear that both sugar and inosite 
may present themselves in the urine at the same time, they 
are, nevertheless, more generally observed separately than 
combined. 

The presence of inosite in the ttrine per se — that is, without 
being associated with any other urinary affection — such, for 
example, as albuminuria or diabetes, can scarcely be said to 
constitute a known disease ; for inosuria, as it has been called, 
has not as yet been found to possess any characteristic 
symptoms, all that is known on the subject being thatperfectiy 
normal urine contains none. 

As it is not at all unUkely that at no very distant date this 
substance may assume a clinical importance, it may be useful 
briefly to mention a few of the pathological conditions in 
which it has already been met with. The following are 
extracted from J. Neukomm's Thesis (Zurich, 1859). The 
researches were made in Staedeler's laboratory, and con- 
sequenUy under his supervision. 

(a) Monograph "DeL'lnosurie." PariB. 1864. 
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Blight's Diseaae. — ^Male, aged 34; six months ill; albii- 
xninuria, cedema, conyulsions, and coma. The urine during 
Ij^e contained a small quantity of inosite, and after death the 
brain was found to contain abundance of that substance. 

Diabetes. — Man, aged 29 ; the progress of the disease daring 
the latter period was very rapid. After death the kidneys 
were found to contain only a small quantity of inosite, while 
the brain contained it in abundance. 

Syphilitic cachexia. — ^In which there was ascites and cedema 
of the legs with a rapid diminution of strength, the patient 
dying on the sixth day. The kidneys contained a large quan- 
tity of inosite, whereas the brain gave eyidence of none, exactly 
the reverse of what was found in the preceding two cases. 

Typhus. — In a yoomg man, who died in the third week ; no 
inosite could be found either in the heart or kidneys. 

Lastly, in a case of Phthisis in a girl, aged 17> a remarkable 
quantity of inosite was found in the brain, and scarcely any 
in the heart. 

These cases are far too few to admit of our drawing any 
conclusions from them, except it may, perhaps, be that the 
proportion of inosite present in the organs during health and 
disease is occasionally reversed. Gallois, who has paid con- 
siderable attention to the subject, thinks it probable that an 
excess of inosite in the urine arises from the imperfect per- 
formance of the glucogenic function of the liver, for even in 
cases of artificial diabetes in animals (produced by puncturing 
the fourth ventricle of the brain) he occasionally found inosuria 
accidentally produced. 



Creatin and Creatinin in Health and Disease. 

In the animal body we meet with two substances, which 
are so closely allied to each other that they have received the 
respective names of creatin and creatinin ; and although it is 
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only the latter that is excreted from the body along with the 

urine, the former, in consequence of the ready conyertibility 

of one substance into the other, is with almost equal frequency 

encountered in the renal secretion. In order, therefore, clearly 

to explain this subject it will be necessary for me briefly to 

mention the chemical characters and physiological history of 

each. 

Chemistry, 

Creatin is a white crystalline organic substance, with a 
neutral reaction. It is soluble in water, slightly soluble in 
alcohol, and insoluble in ether. When boiled with strong 
alkalies it is decomposed, and converted into urea, sarcosine, 
and, if the boiling be continued sufficiently long, into carbonate 
of ammonia. 

When heated with strong acids it is transformed into 
creatinine a substance closely allied to it, the only difference 
in their composition being that it contains two equivalents 
less of water than creatin. In properties, on the other hand, 
the substances are very dissimilar, creatinin being alkaline, and 
not only soluble in water, but in alcohol also, and even slightly 
soluble in ether. 

Both creatin and creatinin may be separated from the urine 
by adding to it milk of lime and chloride of calcium, Altering 
the liquid from the precipitate, then concentrating it to a 
syrup and adding a little chloride of zinc, which combines 
with the creatin and creatinin to form a crystalline compound 
easily separable by further filtration. This crystalline com- 
pound has next to be decomposed by dissolving it in warm 
water, and adding a small quantity of hydrated oxide of lead. 
The liquid has again to be filtered from the precipitate of 
oxide of zinc and lead, and then boiled with charcoal to remove 
the colouring matter, again filtered, and again concentrated 
and allowed to stand -until the creatin and creatinin crys- 
tallize. The aqueous solution of creatinin gives a flooculent 
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white precipitate with the bichloride of mercury, and reddish 
crystals with the bichloride of platinuin. 

Physiology. 

Creatin was first discovered in the juice of flesh by Liebig, 
in the blood by Verdeil and Marcet, and in the urine by Heintz ; 
and although creatinin has also been detected in all of these 
situations (Liebig), there is this remarkable difference between 
the two substances, that while creatin is most abundant in the 
tissues, creatinin occurs in the largest quantity in the urine. 
This fact has formed the foundation of the theory that creatin 
is the direct product of muscular action, and creatinin the 
result of the still fiirther retrograde metamorphosis of the 
creatin. This view is supposed to gain additional support from 
the circumstance that by the simple act of decomposition all 
the creatin present in urine is speedily converted into creatinin. 
Some say that creatin is normally excreted by the kidneys as 
well as creatinin, but this is a point upon which further 
evidence is required. Meanwhile, it may be mentioned that 
the respective amounts of these substances said to be excreted 
during the twenty-four hours by healthy adults is 0*305 
granune (4*7 grains) of creatin (Thudichimi), and 1 gramme 
(15^ grains) of creatinin (Neubauer). One curious fact con- 
nected with these substances is that, tmder certain conditions, 
the creatinin is reconvertible into creatin. Thus, on one occa- 
sion Liebig fotmd in the urine of a dog, which had been fed 
solely on flesh, a great quantity of creatinin, and no creatin 
whatever ; whereas after this urine had been treated with milk 
of lime, and allowed to stand for six weeks, abundance of 
creatin was detectable. It is presumed, therefore, that the 
lime had in this case reconverted the creatinin into creatin. 

Pathology, 
These substances so very rarely occur as spontaneous 
deposits that little is at present known regarding their patho- 
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logical importance. In March, 1861, I injected into the 
portal vein of a amall dog three drops of alcohol in two 
drachms of water. Two days afterwards the urine contained 
a small quantity of sugar, and in two days more the dog was 
sacrificed, and his urine removed from the bladder. It was 
then clear and tolerably high coloured, but was no longer 
saccharine. It was put aside, and in ten days the surfeu^e of 
the liquid, which was still very acid, was covered with large 
crystals, which were at first thought to be phosphates. 

Fio. 17. 




Fio. l7.~GryBtals of creatin, after Robin and Verdeil. 
Two circumstances, however, raised a doubt ia my mind as 
to their nature— first, the fact of the ttrine having an acid reac- 
tion ; and second, the enormous size of the crystals. The 
bottom of the vessel also contained a large quantity, so there 
was no di^culty found in further investigatiag them. They 
were ascertained to be beautiful polariscopic objects of an 
organic nature, and of the forms represented in the above 
ftgure (17). 

N 
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On adding nitric acid to some of tlie urine just aA it stood, it 
was BO loaded with urea that the whole became one mass o<f 
crystals. Since making the above observation, I have fre^ 
quently set aside urines with the view of again obtaining a 
similar spontaneous deposit, and I have seen it once in a 
case of diabetes in a young 'clergyman, twice again in dog9 
fed on flesh diet, and rendered artificially diabetic, and once 
in the urine of a stall-fed London cow. The cow's urine 
is normally aTk aline ; but in this case it was acid even after 
it had stood four days (November .4, 1862). When passed it 
was very watery ; and all that was done, was merely to 
evapcKrate it to one-half over the water bath. The crystals 
were very large, being not only visible to the naked eye, but 
some of them quite big enough to be picked up with the 
fingers^ 



Cholesterin as a Urina&t Deposit. 
Chemistry, 

Cholesterin is a beautiful white crystalline substance, in 
many respects resembling a fat — indeed, for several years it 
went omder the name of ** biliary fat." It is quite insoluble 
in water, alkalies, and acids ; very soluble in alcohol and ether; 
highly inflammable, and destitute of nitrogen ; its composition, 
in 100 parts being — 

Carbon 84-00 

Hydrogen 12-00 

Oxygen 4-00 

100-00 

It is readily distinguished from all ordinary fatty matters 
in consequence of being non-saponiflable with alkalies. When 
pure, cholesterin is found in thin, white, transparent, rhom- 
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boidal plates, with parallel sides and sharp angles. As repre- 
sented in fig. 18, the crystals lire occasionally large and 
superimposed on one anotter, but in consequence of their 
transparency the outlines of the under strata are as well seen 
as those of the upper. Hence they are fine microscopic 
obJQ^^s, TisAle with a low power. 

The easiest test for cholesterin is its microscopic characters, 
in combination with its extreme solubility in hot alcohol, and 
re-deposition on cooling in a crystalline form. If the cholesterin 
be in a dry state it gives along with sulphuric acid on a whil^ 
porcelain vessel a beautiful play of colours, passing through 
the different shades of orange, red, purple, and g^n. 

Fig. 18. 




Fio. 18.— CiTBtals of Cholesterin spontaneously formed. 

By prolonged boiling with nitric acid cholesterin is con- 
Terted into (among other things) oxalic, acetic, and butyric 
acids. 

Cholestenn is one of the normal ingredients of the human 
body. It is met with in large quantity in the bile, in which 
it ift^^lfti^ed in a soluble state by glycocholio and taurochoUc 
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acids, in the aqueous 8ol|||ions of which it is exceedingly 
soluble. Cholesterin is also a normal constituent of the 
nervous system, being very abundant in the brain f^ spinal 
cord. Moreover, it is to be met with in the tissue of the 
liver and spleen, and is also regarded in the light of a 
constant constituent of the blood. 

Cholesterin seems to undergo decomposition in the body, 
for as far as I am aware it has never been found as a product 
of any of the normal excretions, although it is abundantly to 
lie met with in a great variety of situations during disease. 

9 Pathology, 

Cholesterin was originally discovered in biliary calculi ; 
many — indeed, I might say most, of which are almost entirely 
composed of this substance. On a few rare occasions the 
calculus may be said to consist of pure cholesterin. Here 
is one, from my own coUectioo, which is, as you perceive, of 
almost transparent purity, notwithstanding that it is as large 
as a pigeon's egg. 

Cholesterin is a common constituent of liquid exudations, 
being found in large quantity in the fluid of ovarian cysts, 
hydroceles, and hydatid cysts. 

It is also to be constantly met with in the pasty-like matter 
of sebaceous cysts ; in fact, there are few cystic tumours, be 
their contents solid or liquid, to be found without it. 

Lehmann has also met with crystals of cholesterin both in 
the choroid plexus of the brain and in the pulmonary expecto- 
ration of advanced phthisis. 

In cakifled tubercle and echinococci it is frequently to be 

met with. 

Notwithstanding it being such a very common patho- 
logical product, cholesterin was not until lately believed to 
be excreted with the uruie. Miiller was the first to call 
attention to its presence iA the r^nal excretion, having on two 
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occasions met with crystals of it in the kiestein of pregnancy. 
Gmelin also found cholesterin in the urine in a case of jaundice 
from obstructed bile-duct; and since then various authors 
have called attention to its occasional presence in the renal 
secretion. To Dr. Beale we are chiefly indebted, however, 
for giving prominence to the subject. He detected it in the 
urine in several cases of fatty degeneration of the kidneys in 
considerable quantity, and also called attention to the im- 
portant fact that the oil globules found at the bottom of the 
vessel in cases of kidney disease consist, not of the ordinary 
fats, as hitherto supposed, but of cholesterin^ as can be proved, 
he says, by dissolving them in alcohol and recrystallising. 
Cholesterin thus differs from other fatty substances in being 
heavier than water. 

It may, perhaps, not be out of place to mention the fact that 
cholesterin in a crystalline form is not imfrequently met with 
in pus, more especially after it has stood a few days. 

The presence of cholesterin in one and all of the before- 
mentioned abnormal situations, is not, however, of any great 
clinical import except when it appears in the sputa or in the 
urine ; for then, and then alone, can it be regarded as a sign 
of severely-disordered tissue metamorphosis. 



Ctstin as a Urinary Deposit, and as Calculi — Its 
Nature and Treatment. 

Cystin, which was first discovered in 1805 by Dr. Wollaston 
in a urinary calculus, enjoys the remarkable peculiarity of 
consisting of no less than a quarter of its weight of pure 
sulphur. 

Chemistri/, 

Before exposure to light and air, Cystin is a pale, yellow. 
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opaque, amber-coloured crystallme organic subgtauce, devoid 
of either smell, taste, or reaction. In 100 parts it is com- 
posed of 

Carbon 80 

SULPHXJIl 27 

Oxygen ...... 26 

Nitrogen 12 

Hydrogen 6 

100 

After prolonged exposure to light and air it changes its 
colour, and becomes of a sea-green hue. It has several peculiar 
chemical characters, being soluble in ammonia, but insoluble 
in carbonate of ammonia ; soluble in oxalic, but insoluble in 
acetic and tartaric acids ; soluble both in the mineral acids 
and alkalies, yet insoluble in water and alcohol. Moreover, 
cystin combines -with the mineral acids to form salts, whereas 
the alkalies merely dissolve it. 

From its acid solutions it is precipitated by the carbonate of 
ammonia, and from its alkaline solutions by acetic acid. 
When boiled with caustic potash, it yields ammonia and an 
inflammable gas. 

When strongly heated in the open air it does not fiise, 
but bums with a bluish-green flame, and gives off an 
acid vapour with a disagreeable odour. Whereas, when 
heated in a close vessel (dry distillation), it chars, yields a 
fetid oil, and gives off the alkaline vapours of ammonia. 

Cystin is readily detected in the urine in consequence of its 
possessing well-defined crystalline characters. Under the 
microscope the crystals are seen either to be perfect hexa- 
gons or some modification of the hexagon (Fig. 18, a). 
They are thin plates, and often lie one over the other (c). 
So characteristic is their appearance that it is almost impos- 
sible to confound them with any other urinary deposit, imless 
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it might pM^pe be with uric acid, whicli, an lome rare 
occaBionB. crystallizea in hexagonal-looking plates. The 
cyBtin ciystala uce, hawever, much smaller than those of 
uric acid, and even when there is a donbt about the nature 
of the deposit the additi-oa of a few drops of a mineral add 
soon settles the queation, aa the ciystals of uric acid remain 
umSected, while those of cystin are speedily dissolved, again 
to reappear on the neuttalisation of the acid by the carbowLte 
of aaunoni^ 

Fia. 18, 







urine b, deposlUd after Uis uldltloii ol BoeUcadd; c, ciystsls obtained 
by dtudlving a portlan rt a nalailut io smnumla and er^sBtllig to 

It nist be borne in mind that cryBtals are not always to be 
detectd in urine containing cyetin. For there are many 
cases a. which the urine is alkaline, or, at least, neutral, 
whereoo deposit is to be detected until after the addition 
of acec add. The cystin is then thrown down either as aa 
omorpbus precipitate or in the shape of imperfectly formed 
cryst«] (^. 18, h). THie latter are occasionally not unlike 
balls o tyrosin, appearing in some eases to consist of bac^y 
fermeiroaettes of uoall crystala. 

ShoLd a case arise where the deport, csoaed by acetic add, 
is like' to be eonfoonded with mates, Btiong nitric acid ou^t 
to be cded, which will at once dissolve the cystin, and leave 
the otli intact. If still further ptoof of the true natoreof the 
depoabe required, «<^ect, dry, and tedissolTe it it 
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and on the slow evaporation of the ammonia the cystin will 
assume the hexagonal form of crystallisation. 

Urine containing a larger quantity of cystin has in general 
a pale greenish yellow hue, and a sweet briar-like odour. The 
cause of the odour I am at some loss to comprehend, seeing 
tiiat pure cystin is perfectly odourless. When stale, cyslin 
urine smells like rotten eggs, in consequence of its sulpliur 
beii^ transformed into sulphuretted hydrogen. 

In testing calculi for cystin, place a portion of the ston« on' 
platinum foU and bum it. The following characters will 
denote the presence of cystin : — 1st, the sickening acid snell ; 
2nd, the bluish green flame ; and, 3rd (what I consider s very 
characteristic test), the polished platinum soon becomes sfiined 
of a deep greenish blue colour, which colour entirely dis- 
appears on further heating. 

If the stone be impure the quantity of cystin it coitains 
can be readily ascertained by dissolving a given amcint in 
ammonia, filtering and weighing the cystin left aftir the 
evaporation of the liquid. 

Physiology, 

The origin of cystin in the animal body is as yet etirely 
unknown, but there are groimds for supposing that i is in 
some way or other connected with the function of thi liver* 
The first of these is that the only substance of a cryj^lline 
nature met with in the healthy body containing suljJLur is 
taurin, one of the normal products of the bile. The icond, 
that in certain diseased states of the system crystals ocystin 
are met with in the liver (Scherer, Cloetta, Yirchc^, and 
myself). 

At. one time cystin was, like many of the other jinary 
ingredients, supposed to be formed in the kidneys, at the 
fact of its being occasionally met with in the liver conietely 
negatives that view. Indeed, all recent research tms to 
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proye that the kidneys are in no case formatiye organs, and 
that their function is purely excretive. 

It is worthy of observation that tanrin, the substance sup- 
posed to yield cystin, contains an almost equal per centage of 
sulphur, namely, 25 per cent. As the physiology of cystin 
deposits is still shrouded in obscurity, and the very existence 
of it in the healthy animal body is denied, we may at once 
pass on to its 

PcUhohgy, 

Notwithstanding that cystin is never to be met with in the 
healthy animal organism, its presence in disease is by no meand 
so rare as one might at first sight imagine. Indeed, it is 
highly probable that it is often present in the urine without 
being detected, even in cases where the secretion has been 
microscopically examined. I have two reasons for saying so ; 
first, cystin is often retained in solution until it is artifi- 
cially precipitated by means of acetic acid ; and secondly, 
the cystin diathesis has in most cases remained undiscovered 
not only until a stone has formed, but even until the nature of 
the calculus has been revealed by chemical analysis. 

Although the presence of cystin in the urine must be re- 
garded as abnormal, yet it cannot be looked upon as an indi- 
cation of the existence of any grave disease, for until it 
accumulates in the kidney or bladder and gives rise to the 
discomforts of a stone, the persons labouring under it do not 
appear to be in worse health than the majority of their neigh- 
bours. An old fellow student of my own has to my personal 
knowledge had cystin deposit in his urine for at least fifteen 
or sixteen years, and not until very recentiy did it cause him 
any discomfort (see the postscript). 

The cystin diathesis has one striking peculiarity, namely, 
that it is seldom preceded, associated with, or followed by 
any other. Indeed, persons labouring under it seem to enjoy 
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a remarkable immtmity from other urinary deposits. Look* 
for example, at these three fine specimens of cystin calcxQi ; 
how different they are from many of the stones we haye 
already examined. They haye neither nuclei of uric acid, nor 
coatings of phosphates. From beginning to end they are 
uniform in structure, and these are no exceptions to the 
general rule, for although I haye examined twelye of this 
species of calculus, not one of them had either a nucleus or a 
coyering of any other kind of urinary sediment, and only in 
yery few of them was the cystin, as in one of the specimens 
before us, mixed with an impurity. Eyen in glancing oyer 
the literature of the subject I haye succeeded in finding only 
two cases in which the calculus was of a complex character. 
The first is one in which a cystin stone had a uric acid coyer- 
ing (recorded by Henry), and the second is one in which a 
cystin stone had a uric acid nucleus (mentioned by YeUoly). 

The urinary deposit which appears to haye the greatest 
tendency to mix itself up with cystin is that of phosphates, 
and it seems to me highly probable that this is not in any 
way due to the patient haying a phosphatic diathesis, but 
merely to the accidental circumstance of cystin urine fre- 
quentiy haying an alkaline reaction. Phosphates being, as is 
weU known, insoluble in alkaline urine, we haye at once a 
good chemical reason for their occasionally becoming mixed 
up with cystin deposits. A precisely similar remark is equally 
applicable to the sparingly soluble carbonates and oxalates 
of the alkaline earths. 

The cystin is easily separable from the phosphatic deposit 
by treating the mixture with strong acetic acid, which, while 
it dissolyes the phosphates, only renders the cystin more 
insoluble. 

If the word diathesis is applicable to anything at all, it 
seems specially appropriate to those cases in wluch a cystin 
deposit is habitually met with in the human urine ; for if we 
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ezamine into the history of the recorded cases, we find it im^ 
possible to arrive at any other conclusion than that the cystin 
deposit depends upon a peculiar congenital or acquired state 
of body, quite independent of any special disease or known 
constitutional peculiarity. 

The majority of writers, I am aware, speak of it as being 
hereditary, in consequence of it haying several times been 
found to occur in more than one member of the same family. 
Civiale, for example, met with it in two brothers ; Toel in two 
sisters ; and Golding Bird in no less than three succeeding 
generations.' Notwithstanding this, however, I am disinclined 
to adopt the hereditary theory ; for on looking through the 
numerous recorded cases of cystin calculi, it will be foimd that 
in very many instances special mention is made that the patient 
was the only member of his £Eunily known to be so afflicted. 

On the other hand again, cystin deposits cannot be said to 
depend on national peculiarities, for England, Scotland, 
France, Ireland, and Germany have all furnished their quota. 
Neither can we localise them in any particular part of the 
country ; nor can we attribute them to any special kind of 
drink ; for cystin calculi are alike to be met with in cider- 
jdrinking Herefordshire, beer -consuming Yorkshire, and 
whisky-imbibing Mid Lothian. Some think that fish and 
vegetable diet have a great effect in producing them; but 
they have utterly fiEdled to prove that either the pisciverous 
Shetlander, or the modem vegetarian are more liable to cystin 
calculi than persons who indulge in a less restricted form 
of diet. 

Golding Bird hazarded the idea that scrofulous persons were 
more liable to the cystin diathesis than others — a doctrine 
which appears to me as untenable as that which attributes it 
to the chlorotic habit of body. A glance at the thousands of 
persons surrounding us who suffer from the one or other of 
these conditions! and in whose urine no cystin deposit has 
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ever been detected, is sufficient of itself to negatire either of 

these yiewB. 

Fig. 19. The cystin diathesis, be it what it 

may, is certainly something apart from 
any other condition of body with which 

Awe are familiar, and, as said before, the 
most tenable doctrine appears to be 
that it is in some way or other con- 
/*^ nected with the interrupted metamor- 
\_/ phosis of some of the hepatic products, 
as they alone possess the required 
V ) amount of sulphur, and in the urine 

Pio. 19.— Crystala of cystlii only do crystals of cystin appear as a 
from a difleased human -. .. n^ 

liver. common deposit. The accompanying 

figure (19) represents some crystals of cystin which I detected 

in the liver in a fatal case of jaundice, (b) 

It would seem, too, that the habit of body in which it 

originates is more likely to be congenital than acquired, for 

among the cases recorded the majority bear evidence that the 

cystin deposit began at a very early age, and not one is to be 

found in which it was met with after the prime of life. 

It may be well here to remark that in some cases the 
deposition of cystin in the urine is irregularly intermittent. 
In the case of a patient recoyering from a severe attack of 
pneumonia, who was under my care in 1850, while Resident 
Physician in the Royal Infirmary, Edinburgh, the urine con- 
tained well'formed crystals of cystin every second or third 
day. A connexion between the diet and the deposit in this 
case was sought to be discovered, but with an entirely nega* 
tive result, except on one point, which appeared to be pretty 
satisfactorily estabUshed — namely, that as the disease of the 

(b) A complete history of this case will be found in the author's work 
on "Jaundice and Diseases of the liver and Fanco^eaS)" p. 86. 
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lungs disappeared, and the appetite of the patient improTed* 
the amount of cystin in the urine gradually increased. 

As regards treatment, it is much to be regretted that no 
rules can as yet be giyen which have satisfactorily stood the 
test of experisnce ; but groimding our Tiews on a knowledge 
of the chemical composition and reactions of cystin, I would 
venture to advise the adoption of the following line of treat* 
ment: — 

1st. As to diet, all foods rich in sulphur ought to be avoided. 
Eggs, peas, beans, and cabbage would of course come under 
this head. Protein substances — albumen and fibrin, for ex- 
ample — which also contain sulphur, should be taken in mode* 
ration ; whereas, the numerous articles of diet belonging to 
the starchy, saccharine, and oleaginous groups may be in- 
dulged in with impunity. For similar reasons all drinks con- 
taining sulphates ought to be shunned. This rule will, 
therefore, necessitate the discontinuance of the use of the 
majority of mineral waters, especially the purgative ones, 
which are in general rich in sulphates. Pickles ought also 
to be refirained from in consequence of the acetic acid they 
contain ; cystin being insoluble in that acid. 

2nd. With respect to remedies, for the reason just given, 
sulphate of magnesia is, of course, not to be employed as a 
purgative, and if a mineral acid is to be administered, one 
would naturally re&ain from selecting sulphuric for that 
purpose ; as both of these remedies would only add fuel 
to the fire. Then, again, as cystin is insoluble in acetic and 
tartaric acids, if our patient is threatened with a stone we 
would prevent him indulging in substances likely to contain 
either the one or other of these acids, which even although 
converted in the system into carbonic acid would still be 
objectionable ; while we would at the same time avoid 
prescribing for him either citrates, acetates, or tartrates. 
For similar reasons an embargo should be put upon the 
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carbonate of ammonia, and even ammonia in any form, as it is 
speedily transformed into the carbonate in the circulation. 

The other alkalies had also better be ayoided, not because 
cystin 1b insoluble in them, but becauyse the urine in persons 
affected -with the cystin diathesis has a tendency to alkalinity ; 
and in alkaline urine there is always a danger of a deposition 
of phosphates, oxalates, or carbonates taking place. 

Ferruginous tonics have been greatly recommended in the 
cases we are now considering ; and no doubt whateyer tends 
to restore the healthy tone to the system is likely to do good. 
If, however, there be cme form of remedy more likely to 
benefit than another, it appears to me that it is that of the 
mineral acids, nitric and hydrochloric (not sulphuric), as they 
will not only help to retain the cystin in solution, but directly 
aid in correcting the tendency to alkalinity in the blood and 
urine. These mineral acids can, of course, easily be combined 
with vegetable tonics, and, if need be, with several ferru- 
ginous ones. 

Some, not yet emancipated from the fetters of the so-called 
** practical " delusion, may be tempted to exclaim against this 
as being chemical therapeutics ; but to such I reply, that I am 
proud to say that it is chemical therapeutics ; and that if 
chemical therapeutics are worth anything, they are most 
assuredly so in the treatment of diseases of the urinary organs. 
All the blundering empiricism of past times might have in 
great part been avoided, had our predecessors only known a 
little more of the chemistry of the body and its secretions. 

A few years ago scientific farming was looked upon as a 
wild illusion, and the so-called " practical " wiseacres shook 
their wise heads when Liebig, in propounding to them the 
self-evident doctrine that out of nothing, nothing can be made, 
pomted out that, in order to procure crops, the inorganic and 
organic substances comprising th^u must be furnished by the 
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soil, supplied in the water, or yielded from the atmosphere. 
Until then the seed, in the eyes of the farmer, was beyond the 
pale of any natural law, and growth was by him regarded as 
a mysterious process by which the plant, under the influence 
of heat, light, and moisture, manufiEu;tured all that it 
required out of an imknown something, about the nature 
of wMch few apparently sought to inquire. Now, how- 
ever, the light of knowledge is gradually dawning upon 
the agriculturist, and he begins to discover that plants, 
although able to build up, transform, arrange, and modify, 
can neither create nor destroy a single atom of the elements 
of which they are made ; and although he still pretends 
to scorn Liebig and his doctrines, he cannot help perceiv- 
ing that the fertility of his fields increases and decreases, other 
things being equal, in a direct ratio to the amount of food they 
contain suitable to each particular crop. Nay, more, he even 
begins to try and restore to the exhausted soil, by means of 
artificial manures, those substances of which he supposes it 
has become deficient. His ignorance is still, however, such 
that, as soon as he fails in his endeavour to restore fertility 
by artificial products, he lays the blame at the door of 
chemistry, and entirely overlooks the fact that it arose from 
his own error in not adding the proper ingredient in the proper 
place ; for should his fields have become exhausted of phos- 
phates, and he manures them with ammonia, which they 
already possess in superabundance, is it surprising that he 
obtains a stunted crop of a vegetable whose tissues require 
more phosphatic than ammoniacal salts ? Every one, of 
course, exclaims no ; but why, then, I ask, do we not apply 
the same mode of reasoning and the same remark to our own 
failures in medicine ? In what respect do we differ from the 
agriculturist ? His object is to obtain good crops, and so is 
ours ; the only difference being that while he looks for com 
and wheat, we seek to obtain muscular strength ^and mental 
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vigour, and the animal body can no more generate these out of 
nothing, than the yegetable can fruit and flowers. 

Just as there is a fundamental law in physics, that no 
matter can exist without force, and no force can be generated 
without matter ; so, too, in physiology, there is a fundamental 
law, that no change can take place in the material of which 
the animal body is composed without giving rise to vital 
phenomena, and no vital phenomena can take place without a 
corresponding change in the material. And as the animal 
body, like the vegetable, can neither create nor destroy a 
single element — in order that it may produce muscular strength 
and mental power, a constant supply of the proper material 
must be famished to it; and, in cases where the food is 
deficient in the required amount of material, we must add it 
in the shape of medicine. 

In giving medicine, we but supply directly or indirectly 
to the different tissues of the frame the materials of which 
they have become exhausted, or hasten the removal of 
those which are in excess or have become effete ; — and the 
sooner practical men become alive to the truth of this all- 
important doctrine, the better it will be both for themselves 
and their patients. I am perfectly aware that this ** material ' ' 
view of therapeutics, like Liebig's views of agriculture, will 
be scouted at for a season ; but, being thoroughly convinced 
of the stability of the foundation upon which it is based, I 
have no fear of the ultimate result, and am perfectly content 
to bide my time. 

Let us look for a moment at the question of cystin. No 
one can deny that it contains a large quantity of sulphur, and 
I think all will admit that as sulphur is an " element,'* it 
cannot be manufactured in the body ; for although the animal 
organism can form innumerable compounds out of the fourteen 
elements of which it is composed, it cannot create the smallest 
particle of one of the fourteen elements themselves. The 
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sulphur contained in the elimixiated cystin therefore, being 
obtained by the body from without, it is dear that by stopping 
the supply of this element we could at once arrest the forma- 
tion of cystin. As sulphur is one of those substances, how- 
ever, which performs a multitude of important offices in the 
animal body, it would never do entirely to stop its supply. 
The next best thing, therefore, is to diminish it to the mini- 
mum wMch the wants of the system demand, and to try and 
remove by other means the abnormal tendency the body has of 
combining it with 0. H. and N. in the form of an abnormal 
compound. 

The line of treatment which has been above suggested is 
that which at present appears to be the best, but I do not 
for a moment pretend to say that it is absolutely so, or that it 
will not require considerable modification according to the 
circumstances and constitutional peculiarity of the patient. 
The dii^culties in the application of chemical therapeutics 
are neither less nor more than those which stand in the way 
of empirical therapeutics ; for in either case, if we even take 
for granted that our diagnosis is perfectly correct, and that the 
remedy selected is the most suitable contained in the Fhanna- 
copceia, we can never foretell what extraneous influences may 
be brought to bear upon the body and modify or even coun- 
teract its effects. This much, however, may be said, that as 
no two cases are ever precisely alike, and no two sets of con- 
ditions invariably the same, there is far less likelihood of error 
in rational than in empirical medicine ; for while the former 
combines the teachings of science with those of empiricism, 
the latter contents itself with the information obtained from 
empiricism alone. 

The chief obstacle to the spread of rational, or as they are 
often called, chemical therapeutics, lies in the imperfect know- 
ledge of physiology and chemistry possessed by practical men. 
For the limited acquaintance they have with these studies 
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prerentB their appreciatmg the true value of scientific infor- 
mation sufficiently to deter them from attempting to apply it 
in practice ere they have thoroughly mastered the subject. 
The natural result consequently is that they almost invari- 
ably fiidl in their endeavours to combine science with em- 
piricism, but instead of attributing their failure to a deficiency 
of knowledge, put the entire blame upon what they pl^e 
to term the false teachings of science. It is to be hoped, 
however, that through the agency of physiological labora- 
tories, such as have been already established in France and 
in Germany, at this (University) College and at Netley, 
the succeeding generations of Medical men will be enabled 
more successfully to apply these same teachings of science 
to the alleviation of sufiering, and thereby raise our Profession 
to the high position it is evidently destined at no very distant 
period to occupy. 

As regards cystin calculi, some special remarks are neces- 
sary. They are by no means always vesical; for Marcet, 
senior, mentions no less than three cases in which they were 
met with in the kidneys ; and Berzelius, Brande, and Bence 
Jones have each added one to this number. The occurrence 
of renal cystin calculi of course proves that, under certain 
conditions of the system, the state of the urine is such, even 
at th^ moment of its secretion, as to prevent it retaining the 
cystin in solution, — a fact of considerable clinical importance ; 
and it would be exceedingly useful to ascertain if, in cases of 
renal cystin calculi, the urine is alkaline ; for if so, the neces- 
sity of the acid line of treatment would be made more 
apparent. 

Cystin calculi may form at any period of life, from birth 
onwards to middle age. WoUaston's celebrated calculus was 
removed from the urethra of an infant, and Miiller has 
described one taken from the bladder of a boy six years of age. 
The majority appear to have been met with between the 
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twentieth and thirtieth year, although their formation seems 
to haye begun much earlier. 

It has already been mentioned that cystin calculi are seldom 
of a complex character, and it may now be added that they 
are even very rarely of a mixed nature. Here is one (No. 2457i 
TJniy. Coll. Museum) which well illustrates how beauti- 
fully pure they may sometimes be. Scrapings from this stone 
almost entirely dissolve in ammonia, and on the evaporation, of 
the liquid fine hexagonal plates of cystin cover the bottom 
and sides of the vessel. When analysing this specimen a few 
years ago, I had occasion to incinerate a portion, and it was so 
pure as to be entirely dissipated by heat No inorganic ash 
remained behind. This half of the stone in its present state 
weighs 265 grains, so that the entire specimen, before it was 
cut and polished, must have weighed considerably more than 
530 grains. 

The effect of light on cystin is well shown in this speci- 
men. All the exposed parts are of a fine sea-green colour, 
while that in contact with the cotton wool is of a brownish- 
yellow amber hue. Moreover, the polished section further 
shows the confusedly crystalline-looking structure presented 
by pure cystin, which is of itself a sign of its purity. The 
outside of the stone is rough, tuberculated, and glistening 
from the peculiar arrangement of the crystals. In shape the 
stone is a flattened oval, the surface of the section being 2| by 
1| inches in diameter. The only history connected with the 
specimen is that it was successfully removed by Mr^ Idston 
from the bladder of a Scotchman, aged 37> none of whose 
relations were known to have suffered from stone. 

This other specimen (No. 3620) is one of equal interest, but 
in another way. It consists, as is seen, of a number of frttg- 
ments, amounting in all to above half-an-o\mce in. weighty 
which were passed by the urethra after the calculus was 
crushed by Mr. Liston. The patient was a young man, 19 
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years of age, a natire of Herefordshire, and the symptoms of 
stone had existed for many years before he came to Uniyersity 
College Hospital. The operation of crushing was repeated 
four times hefore all the fragments came away. Amongst 
them is a small oval calculus of the same material, with a fine 
cr3rstalline exterior. It was passed along with the fragments. 
It has more of an amber yellow than of a green colour, which 
Dr. Front, who examined the specimens, considered might 
be due to it containing some more of the water of crystallisa- 
tion than the larger stone ; but it appears to me to be chiefly 
due to its being kept covered up in paper, while the others 
are exposed to the light. No hereditary taint could be made 
out in this case, and no other member of the £unily was 
known to haye suffered from stone of any kind. 

This third specimen of cystin calculi (No. 2621, Uniy. Col. 
Museum) is also exceedingly interesting, notwithstanding that 
nothing is known of the history of the patient from whom it 
was removed. The stone, however, tells part of its own 
clinical history, and a most instructive part, as we shall 
immediately see. 

In the first place, the section of this stone is not of the same 
colour as that of the other specimens : it is of a much paler 
green, looking more like tailors' chalk than anything else. 
Besides this, it has not the confusedly crystalline appear- 
ance, nor the transparency so characteristic of pure cystin. 
Whereas, it possesses, on the other hand, a distinctiy, though 
slightiy, striated arrangement, which I consider of itself an 
indication of impurity. In this case the impurity consists of 
an admixture of phosphates, and these are so uniformly blended 
with the cystin that I am led to the belief that the presence 
of phosphate of lime in this instance is not due to the patient 
having had a phosphatic as well as a cystin diathesis, but solely 
to the accidental circxmistance of his urine having been alka- 
line, which would, of course, of itself fully account for the 



CALCULI. 197 

phosphatic admixture. The stone in its present dilapidated 
condition weighs nearly 860 grains, and is two and a quarter 
inches in its greatest diameter (a). 

It was previously said that many patients labouring under 
the cystin diathesis do not appear to enjoy less health than 
their neighbours until they begin to suffer from symptoms of 
stone. It may now be added, that cystin calculi do not appear 
to give rise to so much discomfort as many other kinds ef stone. 
But whether or not this arises from the general health of the 
patients being better I am not in a position to say, the state- 
ment being merely based on the two following facts : — 

Istly. Most cystin calculi are of considerable size before the 
patient applies for relief, and 2ndly, there is an almost in- 
yariable absence of any phosphatic coyering on cystin calculi, 
which proves that they do not give rise to the same amount of 
vesical irritation as other forms of stone, the majority of which, 
when of any size, have a coating of phosphates. 

This leads me to mention that I have met with two cases of 
cerebral disturbance, in which cystin appeared in the urine, 
associated with uric acid. The first was that of a gentleman, 
aged 43, whom I several times saw, in consultation with Mr. 
William Coulson, during the latter part of 1869, and beginning 
of 1870. The second was that of a lady aged $3, sent to me 
in May, 1870, by Professor Attfield, who discovered cystin 
along with uric acid in her urine. Both patients were subject 
to gravel, both of a highly nervous temperament, the former 
with symptoms of derangement of the spine, the latter of the 
brain. In Mr. William Coulson's case the uric acid was in very 
large, the cystin only in small quantity. The uric acid resisted, 
the cystin yielded to the treatment. In the case of the lady, 
the uric acid and cystin were nearly in equal proportions, and 
equally amenable to treatment. 
P.S — As it is not often that one hears a medical man's views 



(a) Dr. B. Jonefi publlBhed an account of the analysis of this calculus in 
vol. zziii. of the Med. Ghir. Society's Traruactiont, 
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of his own cafie, when it Ib one of the cystin diathesiB, I quote 
the following:— « I am still (Nov. 1864) bothered with the 
cystin, as you will readily understand when I tell you that 
Syme(b) crushed a calculus: for me about four months ago, and 
removed another between two and three months since by the 
median operation." The first of these calculi must haye been 
at least fifteen or sixteen years in forming. 

As regards diet, he remarks : — '* The only change I had made 
in my diet during the last two or three years was to take more 
wine than I ever did before. I generally took about three 
glasses of dry sherry at dinner ; and although it helped me to 
do more work, I am sure I was on the whole the worse for 
it." . . . ** Wine, beef, and mutton seemed to increase the 
deposit; so that I haye recently given up the use of all 
stimulants, and not tasted beef or mutton above two or three 
times during the last three months. Fish and vegetables I do 
not consider do me any harm ; but the only vegetable I take 
is potato, and that, too, but once a day. Fish, on the other 
hand, I take every morning to breakfast, and at dinner I 
usually limit myself to fowl, game, or veal. The great point 
is not to eat more than the wants of the body demand. Both 
overwork and mental worry increase cystin deposits." 



XANTHIN 

AS A URINARY DEPOSIT, AND AS CALOCLI. 

Xanthin was first discovered in a calculus weighing eight 
grains by Marcet, senior, and since then, although occasionally 
met with in the urine as a sediment, it has only on two other 
occasions been found in the form of a stone in the human body. 

Chemistry, 

Xanthin, when pure, is a white, beeswax-like non-crystal- 
line organic substance, insoluble in cold, but slightly soluble 
in hot water. In 100 parts it consists of — 

Carbon, 39-5; Nitrogen, 36 8; Oxygen, 2 1*1; Hydrogen, 2-6. 

(b) The late Professor Syme, of Edinburgh. 
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It differs from cystin, therefore, in contaixiing no sulphur, 
fuad from uric acid in its small proportion of nitrogen (uric 
acid contaios oyer 33 per cent.). 

Xanthin is soluble iu ammonia, and yery readily dissolyed 
■in caustic potash. From its alkaline solutions it is precipitated 
by acids, eyen by a current of carbonic acid. It is also 
soluble in the strong mineral acids with the aid of heat, and 
its solution in hydrochloric acid on cooling yields microscopic 
crystals of the hydrochlorate of xanthin. 

On adding nitrate of silyer to the nitric acid solution of 
xanthin, a crystalline, fine needle-shaped precipitate falls down. 

When heated on a spatula with nitric acid, as in testing for 
uric acid, xanthin forms a yellow substance, which, on the 
addition of potash ^nd eyaporation, giyes a dark purple-red 
colour. 

Xanthin can easily be separated from uric acid by dissolying 
the whole in pure sulphuric acid, and then adding distilled 
water, which instantly precipitates the uric acid while itleayes 
the xanthin in solution. 

Phyiiology. 

Xanthin is pretty widely distributed throughout the animal 
orgaJkism. It has been found in yery many healthy tissues of 
the human body. In the brain, liyer, spleen, pancreas, thymus 
gland, the muscles, and the blood ; and it is supposed to be 
one of the intermediate products of the metamorphosis of 
protein substances. 

Xanthin is closely allied to guanin, which is also to be met 
with in the human body, and it can be prepared artificially 
from that substance by the aid of nitric acid. 

Cio,H5N40a C10H4N4O4 

v.-^^.^.^ + O J - ^-i->^..-^ + N + HO 

QuaniiL Xanthin. 

Scherer says xanthin is a normal constituent of healthy 
luiman urine* but is not met with in sufficient quantity to 
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render its detection Bofficiently easy for clinical purposes. 
Neabauer thinlLs that on an ayerage tliere is about 1 gramme 
(15^ grains) in 600 pounds of human urine. In the urine of 
spiders, on the other hand, it exists in abundance (Davy), 
and the concretions called Oriental b^zoards also contain a 
large quantity of this substance. 

Patholofff, 

Xanthin is occasionally met with in diseases as a urinary 
sediment, and more rarely still as a calculus. 

Yogel speaks of the xanthin being much increased in cases 
of enlarged spleen, and also in acute atrophy of the liTer. 
Douglas Maclagan(a) belieyes he found it in the urine of an 
hysterical girl ; and Jack8on(b) thinks he met with it in a case 
of diabetes. Bence Jones(c) has lately described a case in 
which a crystalline deposit of xanthin repeatedly appeared in 
the urine. The case is briefly as follows : — 

A schoolboy, aged 9^ years, enjoyed health up to the age 
of 7, when he was seized with Tiolent sickness and pain in the 
stomach. On the third day the urine became of the colour of 
blood. It then stopped, and none was passed for four days, 
when delirium and convulsions came on. These lasted ti^ty- 
four hours, ceasing after a violent perspiration. No stone was 
, known to have passed. In a few days he got perfectly well, 
and continued so for three years, when he caught a slight 
cold, and was delirious (me night. The urine containect albu- 
men, and was generally thick, and of high specific gravity. 
Under the microscope, the sediment was found to contain 
small oblong plates resembling uric acid (Fig. 20, a). But as 
these were dissolved by boiling, and soluble in hydrochloric 
acid, as well as in alkalies, and the hydrochloric acid solution, 

(a) £din. Med. J&uim., 1861. (b> Arefa. der Pkarm., 1837. 

(c) Joum, o/tke Chtm. Soe., 1862. 



on b^g BVBpoiated to drjaete, Tielded prismatio and ttex- 
Bgonal crystals (Fig. 30, b), the depodt wm mpposed to be 
xantbia, wltb wboM reactioni, a 

As ab-eady said, lantbin 
has been met with in tbe 
form of calculi in the human 
subject; butcasesof thekind 
are so exceedingly rare that 
aa yet only thiee bare been 
recorded. Tbig specimen, 
consisting of a few fragments, 
formed part of the celebrated 




xanthin calculus, the size of (a.) apantAneDui depart. (ft.}]H»- 
•ol™d in b]"" — "— '- — ■■' —■ ' — 



, Fio. %— Xautblu from hunun mtos. 
hiitATiemfl deposit, ip.' 
„ . , , . , BuivDu jn bydTochlorio uid bzhj id- 

a unaU hen b egg, which was crfstalUsed. 

successfully extracted by Professor Langenbeck from As 
bladder of a Hanoverian peaaant boy aged eight years. The 
stone broke in the process of extractiaQ, and these portioni 
were presented by Langenbeck to our late Professor of Surgery, 
Sir. Liaton. "While analysing Ae calculi in our muaeum a few 
years ago I had occasioc to examine this specimen, and fbund 
that it possessed the following characters i It ia of a dark 
cinnamon-red colour, exceedingly hard, of somewhat glistening 
&acture, and distinctly laminated. 

Small iragmenta are readily dissolfed in oaustio potash, leee 
so in ammonia, scarcely at all in water, even aft^ prolonged 
boiling, and Tcry sparingly soluble in the mineral acids. The 
moch slighter solubility of the calculus, when oompared to 
pnie artificially prepared xanthin, arises no doubt from ita 
exceedingly denaa nature, for when finely powdered its solu- 
bility is greatly increaaed. On incinerating a small fragment 
it alowly charred, without any flame, or disagreeable odouii 
thus presenting a striking difference to cystiu, and was at 
length gradually dissipated without leanng any perceptible 
inorganic residue. 
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The peculiar red colour of the calculus ib no doubt entirely 
due to the xanthin haying taken up a quantity of the colour- 
ing matter (uroheematin) of the urine, just as uric acid under 
similar circumstances does ; for pure xanthin is white. 



Leucin : ITS Clinical Significance. 

Chemistry. 
Leucin is, when pure, a white non-crystallisable, odourless, 
and tasteless organic fatty-looking substance, composed in 
100 parts of 

Carbon . . . • . . . 54-96 

Oxygen 24*44 

Nitrogen. . . . . . 10*68 

Hydrogen 9*92 

100*00 

Although looking something like fatty matter, it is quite 
different from it in its chemical reactions, for it is very soluble 
in water, sparingly soluble in alcohol, and quite insoluble in 
ether. Moreoyer, it is soluble in strong acids as well as in 
alkalies. 

Leucin can be artificially prepared from almost any protein 
substance by decomposing it with acids, alkalies, or eyen by 
the process of fermentation. Leucin is itself also readily 
changed by oxidation, and when fiilly oxidised is entirely 
transformed into ammonia, water, and carbonic acid. 

The best chemical test for leucin is that proposed by Scherer 
— namely, to put a small quantity on a platinum spatula, add 
nitric acid, eyaporate to dryness, and then treat the residue 
with caustic soda, which dissolyes it. When the solution thus 
obtained is concentrated, an oily-looking drop is formed, which 
can be readily rolled about on the spatula. 

Li the urine, leudn is neyer met with in sufficient qiumtity 
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to allow of the application of this test ; we have therefore to 

content ourselyes with its microscopic appearances, which 

are tolerably faithfully represented in the accompanying 

woodcut. 

Pia. 21. 



y 




Fio. 21.-<-Leucin from concentrated human urine in a case of chronie 

atrophy of the liTcr. 

The circxdar oily-looking discs might at first glance be mis- 
taken for oil, not only on account of their microscopic characters, 
but also on account of their being lighter than water. Their 
insolubility in ether at once distinguishes them from all oily 
matters. Besides this, although the discs show no crystalline 
characters, they are occasionally laminated like the granules 
of potato starch, and hence are apt to be confounded with 
microscopic crystals of carbonate of lime. The lime crystals, 
however, sink, whereas the greater number of globules of 
leucin float, in water. 

Leucin, as met with in urine, is always deeply impregnated 
with the colouring matter of the liquid ; hence, in cases of 
jaundice, the globules haye a dark yellow hue. 

In searching for leucin in human urine, an ounce or two of 
the liquid should be slowly eyapiorated to the consistence of a 
syrup, set aside to cool, and afterwards examined with the 
microscope. As yet we haye not the means of making a quan- 
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titatiye analysis of this substance with sufficient fsuiility for 
clinical purposes. 

Physioloffy. 

Leucin has for many years been known to scientific men as 
a normal product of some of the animal organs, but it is only 
within the last three or four years that it has assumed a 
clinical importance. 

According to the researches of liebig, Scherer, Gorup- 
Besanez, Frerichs, Neukomm, and many others, it may now 
be said to be one of the normal constituents of the spleen, 
liyer, pancreas, lungs, brain, thymus, and thyroid; but 
whether it exists in the healthy living body as such, or is 
only a morbid product of decomposition, is not yet a settled 
question. Be that as it may, one thing is clear — ^namely, 
that its quantity is greatly increased during disease, and that 
its appearance in some of the excretions is a diagnostic sign 
• of considerable yalue. Leucin is considered to be one of the 
transition products in the metamorphosis of albuminoid sub- 
stances, and this, in the majority of instances, is no doubt 
true ; but I belieye it also to be, under certain circumstances, 
the direct product of the interrupted metamorphosis of hepatic 
substances into taurocholic acid. The reason for this opinion 
I shall presently briefly giye, when speaking of the origin of 
tyzosin, a substance with which it is intimately associated. 

Patholofftf. 

Frerichs was the first to point out the diagnostic value of 
the presence of leucin in the urine in hepatic disease. He 
showed that the urine contained it in abimdance in cases of 
acute atrophy, which observation has since been confirmed by 
Scherer, Neukonmi, Wilks, myself and some others. More- 
over, I have recently shown that leucin is also to be detected 
in the urine in cases of chronic atrophy of the liver. 

It is also occasionally to be met with in the urineincaBetf of 
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typhus associated with jaundice (Frerichs, Murchison), and 
in a few severe cases of small-pox. 

Leucin has been met with in abimdance,- in the liyer in the 
aboye-mentioned cases, as well as in some cases of phthisis 
and rheumatic feyer, and the natural conclusion is that the 
hepatic organ is the one which excretes it in greatest quan- 
tity. Indeed, at present, it is only in cases of hepatic dis- 
• ease that the existence of leucin in the renal secretion can 
be regarded as of diagnostic yalue. It then points out the 
existence of serious mischief, and is anything but a fayour- 
able sign for prognosis, all the cases in which it has been 
as yet detected haying run on to a &tal termination. As 
regards treatment nothing need be said, as it is not the leucin 
deposit, but the disease inducing it we have to treat. 



TraosiN — ^Its Clinical SiaxiFicANCs. 
Chemistiy, 
Tyrosin belongs to the same class of substances as leucin, 
and like it may be artificially obtained from almost any pro- 
tein matter. Its composition is, — 

Carbon 59*67 

Oxygen 26-52 

Nitrogen ...... 7*73 

Hydrogen 6*08 

100*00 
Tyrosin differs from leucin in being crystallisable. When 

pure it crystallises in fine white glistening stellate groups of 

small prisms, as represented in Fig. 22. 
Tyrosin is odourless and tasteless, but when burned giyes 

off a disagreeable smelling yapour. It is soluble in acids, 

alkalies, and boiling water ; insoluble in cold yrater, ether« 

and alcohol. 
The easiest applied chemical test for it is that proposed bj 



Schetet— DMnelji to moisten a few crystals with atrong nitric 
Mid on a Bpatula, and elowly evaporate to dryness. The 
reudue, which is of a One rich yellow colour, when moistened 
with hydrochloric acid becomes red. U the mixture fee again 
evaporated to dryness, it yields a blackish residue. Reactions 
which are thought to be quite characteristic of tyrosia. 
Fio. 22. 




Fio. 22.—CryBtalB of pure tyniBin obtaJnod from the urfue of s C&M of 
chnmic atrophy of the llTor. (a) large cryatals ; (b) Uto commifli form 
cd BtflU&ta groups of Doedle-ghaped crystalA ; (e) a few aoporatfl prlamB 
(600 61am.). 

A» met with in urine, it ia usually ao mixed with leudn 
and otlier matters, that before applying the test it is necessary 
to purify it. Thia may be done in the following manner ; — 

Precipitate all the colouring matter by means of a solution 
of basic acetate of lead ; filter, and then free the liquid &om 
the excess of lead by mesna of a current of sulphuretted 
hydrogen ; again filter, and eraporate the clear liquid to nearly 
dryness, when the tyrosin will crystallise in the white striate 
groups already described. 
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In testing for impure tyrosin, add to the suspected solution 
a little nitrate of the protoxide of mercury (nearly neutral), 
which will throw down a red precipitate, and turn the super- 
natant liquid rose coloured if tyrosin be present (Hofinann). 

Another means by which tyrosin may be recognised is that 
proposed by Frerichs. The suspected substance is put into a 
watch-glass along with sulphuric acid, and after standing half 
an hour the mixture is diluted with water. It is next boiled 
and neutralised with carbonate of soda, filtered, and to the 
clear filtrate a few drops of perchloride of iron devoid of acid 
is added, when the presence of tyrosin is recognised by the 
formation of a dark purple colour. 

It seldom happens that tyrosin is present in human 
urine in sufficient quantity to admit of the proper application 
of these tests, so that we are forced, in the majority of cases, 
to confine ourselves to its microscopic appearances, which, 
fortunately for us, are amply sufficient for our purpose. In 
doubtful cases it is well to concentrate the urine, as recom- 
mended in the case of leucin. 

Physiology, 

Tyrosin is met with in, or rather may be obtained from, almost 
all the organs in which leucin is to be found. It can scarcely, 
however, be said to be a normal constituent of the human 
frame, but rather appears to be one of the artificial products 
of the decomposition of highly nitrogenised matters. It may 
be artificially obtained in considerable quantities by acting 
upon horn, hair, or feathers, with sulphuric acid. 

Pctthology, 

As a pathological product tyrosin is occasionally met with 
in the kidneys, in the urine, and in the liver in a free state. 
In acute yellow atrophy it may be almost said to be con- 
stantly present in all of these situations, for Staedeler, 



Frericha, Neukonun, Scherer, tajwilt, and (evenl othen bAV« 
met with -well-formed ajBtab of t:fTO«io ia the tiuue of the 
BtropMed liTer, of the kidneyi, and in the urine, nithont mb- 
jecting either the one oi the other to anj chemical manipola- 
tion, but merely examining them with die microscope. 

The crjBt&ls in theee caaes do not always eaaume the ahaps 
repretoited at Fig. 22, but occasionally fona very thicUy-«et 
Btellate groups of fine needles, or spiculated balls, not uiUike 
a iolled-iq> hedgehog with the bristlea BtickiiLg out in all 
m represented in the accompanying woodcut. 




no, SS.— Briculated balls of tjroHln, from Uis urine of t, cme of BcnU 
(Dcp]i7 of ths liTer. Wban ihtte vtm rs-dlswilvBd, purified, And n- 
oyitalliged, thejtusumedthetormofthoMln Fig. 22 (mug, eOOdlam.). 

The cryatala found in the urine are usually of a de^ yellow 
colour, in consequence of their having taken up a quantity of 
the bile pigment. Tyrosin has also been detected in the urine 
in cases of typhus complicated with jaundice, and in serere 
cases of small-pox, as well as in at least one example of 
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chronic hepatic atrophy supervemng on obstructed gall-duct. 
Very recently Murchison and myself found free crystals of 
tyrosin in the tissue of the kidneys of a private soldier, who 
died comatose, and whose liver was found to be much below 
the ordinary weight. 

The last question to be considered is : << Where does the 
tyrosin met with in disease come from ?" The results of my 
experiments on animals, to which jaundice had been arti- 
ficially given, and which have been elsewhere published, led 
me to the belief that tyrosin and leucin stand in the same 
relation to each other in disease as the two bile acids, glyco- 
cholic and taurocholic, do in health. Glycocholic acid is 
crystallisable, taurocholic is not. 

The urine of some of the dogs to which I gave artificial 
jaundice by the subcutaneous injection of bile contained both 
leucin and tyrosin, and even in one of these cases crystals of 
tyrosin spontaneously formed in the bile taken from the 
animal's gall-bladder immediately after death, and merely 
allowed slowly to evaporate. In another case, again, free 
crystals of tyrosin were encountered in the tissue of the liver 
itself, all of which facts led me to the conclusion that tyrosin 
and leucin are the products either of the arrested or of the 
retrograde metamorphosis of glycocholic and taurocholic acids. 

Be the theory, however, what it may, the important fact for 
us clinical Physicians to bear in mind is, that the presence of 
tyrosin in the urine of any of our patients is an almost certain 
sign of a rapidly approaching fatal termination. 



LECTURE X. 

DIABETES MELLITUS-GLUCOSURIA— SACCHARINE URINE-ITS 
NATURE AND RATIONAL TREATMENT. 

In no department of experimental research have results of 
greater yalue to the clinical Physician been recently obtained 
than in that connected with the study of animal saccharine 
matter. Within the last few years, indeed (since 1848), an 
entire revolution has taken place in our ideas of the physiology 
and pathology of diabetes ; and although we have stiU much 
to learn before we can completely imravel the skein of law6 
regulating the formation and destruction of sugar in the animal 
economy, we have, nevertheless, reason to congratulate oiu> 
selves upon that which has already been achieved, and be 
sanguine in our expectations of what science may yet 
accomplish. 

Before entering upon the consideration of this important 
era, which dawned within my own time, and whose gradual 
development I have not only watched as an interested spec- 
tator, but occasionally assisted as a conscientious actor, it will 
be advisable for me briefly to scan the earlier literature of 
diabetes, in order that you may better appreciate the advances 
that have been recently made, and comprehend in what respect 
the views of its pathology about to be given essentially differ 
from those of my predecessors and contemporaries. 

Prom time immemorial, cases of emaciation, accompanied 
by an inordinate thirst and voracious appetite, had been 
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observed, and in consequence of the patients so affected being 
at the same time troubled with an excessiye elimination of 
urine, ancient Physicians gaye to the disease the name of 
Diabetes (Sio, through ; /3a<y«, I go). It was not, however, 
until 1674 that the urine was discovered to possess, in some 
cases, a sweet taste, the honour of which discovery belongs to 
an English Physician named Thomas Willis. From this time 
henceforth the disease was divided into two classes, one of 
which received the name of Diabetes insipidus (without sugar), 
the other that of Diabetes mellitus (with sugar). 

In 1774, exactly one hundred years after the date just 
alluded to, Mathew Dobson, a Physician practising in Liver- 
pool, discovered that the blood as well as the tirine in diabetes 
contains sugar, and from this observation he justly concluded 
that the saccharine matter found in the tirine is not formed in, 
but only excreted by, the kidneys. 

In 1778, Cowley succeeded in separating the sugar from the 
urine in a free state. (I may here remark that Bartholdi, so 
early as 1619, called attention to the presence of saccharine 
matter in milk ; but this is, of course, a point entirely un- 
connected with diabetes.) 

In 1796, John Rollo^ Surgeon-General to the Royal Artil- 
lery, made the first important observation regarding the treat- 
ment of diabetes by discovering that an animal diet not only 
reduces the quantity of tirine, but even diminishes the amount 
of sugar daily eliminated. 

The next two steps were made by foreigners. 

In 1815, M. Chevreul ascertained that the saccharine matter 
metwith in diabetic urine differs from ordinary cane sugar, and 
closely resembles that of the grape. 

In 1825, another important step was gained by Tiedemann 
and Gmelin discovering that starch is transformed into sugar 
during its passage along the alimentary canal. 

In 1837, the next observation of interest was made by 
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M'Gregor, of Glasgow, who found sugar in the yomited matters 
of diabetic patients — an observation which seemed to confirm 
Hollo's idea that the disease arises from the gastric juice 
turning vegetable food into sugar ; and from that time till the 
present animal diet was consequently considered our sheet 
anchor. 

We now arriye at an entirely new phase in the literature 
of diabetes, in which the teachings of the sick chamber gave 
place to those of the laboratory. 

In 1848 the physiological world seemed as if struck by a 
thunderbolt when Bernard proclaimed that animals, as well as 
yegetables, had a sugar-creating power. Until then all the 
saccharine matter met with in the human body, whether in 
health or in disease, was supposed to originate in the trans- 
formation of vegetable subBtances. And now, for the first 
time, were we made alive to the startling iSact that men, like 
sugar-canes, possess within themselves a saccharine manu- 
factory ; the liver being daily and hourly as actively engaged 
in fabricating sugar as in secreting bile. 

Like all great discoveries, the rays of this one were not 
limited to its own field of inquiry, but broadly reflected over 
the various departments of scientific Medicine. By it new 
ideas were awakened, new discoveries made, and even at the 
present hour the impetus it gave to original research is still 
alike perceptible in the laboratory, in the dead-house, and in the 
clinical ward. In connexion with the subject of diabetes 
alone, the following may be reckoned as a few of the more 
important discoveries to which it led : — 

In 1849 Bernard discovered that the disease can be arti- 
ficially commimicated to animals by pricking the floor of the 
fourth cerebral ventricle. 

In 1853 I discovered that diabetes may be artificially induced 
in animals by exciting the liver through means of stimulants, 
such as alcohol, directly introduced into the portal circulation. 
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An observation which explains the well-known fact that 
diabetes is a much more common disease in spirit-drinking 
than other countries. 

In 1855 Bernard discovered that the formation of sugar in 
the liver cannot be regarded in the light of a " vital " process, 
as it goes on, not only after the death of the animal, but even 
after the removal of the liver from the body. 

In 1856-7, Chauveau and myself gained another piece of 
ground by ascertaining that the sugar normally present in the 
circulation is not burned off in the lungs, as hitherto supposed, 
but disappears from the blood in its transit through the capil- 
laries of the general circulation. The function of the saccha- 
rine matter most probably being to nourish the body. 

In 1857, Bernard made the additional discovery, that before 
albimiinous substances are converted into sugar, they first 
pass through the transitional stage of glucogene (animal starch). 

Lastly, in 1859-60, Brttcke and Jones ascertained, by careful 
experiment, that traces of sugar are even to be detected 
in normal urine — an observation which, we shall afterwards 
see, has an important bearing on the pathology of diabetes ; 
for, as I stated in a previous* lecture, it may be regarded as a 
fundamental law that in disease neither new substances nor 
new fuuctions are created. Morbid phenomena being merely 
the result of a change in the quantity and quality of normally 
existing agents and agencies. 

Chemiitry, 

Although every one knows, or at least imagines he knows, 
a good deal about the nature and properties of sugar, I shall 
venture to say a few words upon the subject ; for the more 
extensive our knowledge, the easier wiUbethe comprehension 
of this hitherto-regarded inexplicable disease. And on the 
present occasion it is the more necessary for me to do so. 
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wliich greatly adds to its specific gravity ; and occasicmallyy 
on the other hand, the disease is accompanied with an 
albuminuria sufficient to reduce the specific gravity even to 
below the normal standard. The specific gravity itself is 
therefore no criterion of the amount of sugar contained in 
any given specimen of urine. 

2nd. Potash Test — ^To a drachm of urine in a test-tube add 
an equal bulk of a solution of potash of the specific gravity of 
1060. Heat the upper half of the liquid in the flame of the 
lamp imtil it boils; then mark the change. If sugar be 
present, the upper boiled portion of the liquid changes 
colour, and becomes yellow or brown, in proportion to the 
amount of saccharine matter in the liquid. The browning being 
due to the transformation of the sugar into gludc and melassic 
acids. The lower cold half of the liquid, on the other hand, 
by remaining imaffected serves as a standard. of comparison. 

3rd. Copper Test. — ^To a drachm of urine add half a 
drachm of the potash solution. Shake the mixture and 
afierwards add a few drops of a solution of sulphate of 
copper (a) ; just sufficient to produce a pale blue tint when 
the whole is agitated. Boil the liquid from ihe bottom, and 
if sugar be present the blue colour wUl disappear, and a 
yellow or red precipitate form, according to the amount of 
sugar present in the urine. 

The chemical steps of this process are as follows : — ^When 
sulphate of copper (SOsCuO) is added to a solution of caustic 
potash (KaO), the sulphuric acid combines with the potash 
to form a soluble sulphate, and the oxide of copper separates 
in the form of a gelatinous precipitate, which, however, in 
consequence of the presence of organic matter rexuains sus- 
pended in the urine. 

SOjCuO + KaO - SOsKaO + CuO. 

(a) The most oonvenient stroigth I find is ten grains to the ounce 
of water. 
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The next stage in the process is produced by the heat 
causing the sugar to oxidise itself at the expense of the oxide 
of copper ; whereby the yellow suboxide is thrown down. 

If much sugar be present, and the boiling is continued 
sufficiently long, all the oxygen is withdrawn from the copper, 
and the red metal is precipitated on the bottom and sides of 
the test-tube. 

N.B. — Should the urine contain albumen, the albumen must 
be separated by the aid of heat and acetic acid before applying 
the copper test. Otherwise, on adding the sulphate of copper 
to the urine + the potash, a mauve instead of a blue liquid 
will be obtained ; and, on boiling, no reduction of the copper 
will occur imless a large excess of sugar be present, the liquid 
merely changing its tint from amauye to a purple, and from a 
purple to a red colour. 

When the urine contains bile pigment, or is otherwise high 
coloured, and the sugar is present in small quantity only, it is 
necessary to decolourise the urine before adding the reagents. 
For this purpose, put an ounce or two of iirine into a six-oimce 
bottle along with a tablespoonfril of animal charcoal and a 
small pinch of carbonate of soda. Shake the mixture well for 
a few minutes, and then filter. A perfectly colourless liquid 
will thus be obtained, and greatly fEunlitate the application of 
both the copper and potash tests. 

A great deal has been said about the fallacies likely to arise 
from the presence of uric acid, cotton fibres, chloroform, etc.» 
in the urine. All I can say is, that during a fifteen years' experi- 
ence I haye never encoimtered them. In all cases of doubt, 
however, in addition to the potash and copper, I invariably 
apply the fermentation test. 

4th. Fermentation Test. — The easiest way of applying 
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this to urine is to employ an apparatus like that represented 
in the accompanying woodcut. 

Fio. 24. "^ test-tubei of about six inches 

long and three-quarters of an inch 
in diameter, is to be fitted by means 
of a piece of cork with a piece of or- 
dinary small glass tubing bent to the 
shape of a syphon in the flame of the 
spirit-lamp. When ready for use, 
the tube is filled brimfull of urine, 
to which a few drops of baker's 
yeast have been added. The syphon 
is next fixed in the tube by means 
of the well-fitting cork, and the 
free end allowed to dip into a glass 
conyeniently placed to receiye the 
liquid as it is driven out of the tube by the carbonic acid 
generated during the process of fermentation. Each equiyalent 
of sugar is transformed into one of alcohol and four of carbonic 
acid gas, so that eyery seyenteen cubic centimetres of carbonic 
acid eyolyed is equiyalent to one grain of sugar decomposed. 

During the fermentation process the apparatus must be 
kept in a moderately warm room. 

When diabetic urine is set aside for a few days it frequently 
ferments spontaneously, and the liquid becomes filled with 
torulse, or sugar fungi, which can be readily recognised with 
the microscope. They consist, like the common yeast plant, 
of a number of spores strung together in short rows like beads. 
The sporules of torulee are, howeyer, smaller than those of 
yeast, their relatiye size being represented in Fig. 25. In a 
few cases I haye seen spores of torulse spontaneously form in 
urine within twenty-four hours affcer its emission, although, 
as a rule, about thirty-six hours are necessary for this 
deyelopment. 
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Fio. 25. 

1 • o 
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Fio. 25.— «. Sporules of Torula CerviBto from diabetic urine, b. Spores 

from baker's yeast. 

Qtumtitative Analysis. — ^At 'one time the quantitatiye deter- 
mination of sugar was a long and tedious process, but now by 
adopting the following method I find it both quick and easy. 
Three solutions mtLst be retained in readiness : — 

1st. A standard solution of sulphate of copper, made by dis- 
solving 34*63 grammes (536*76 grains) of dry sulphate of 
copper in 1000 c. c. (32*26 oz.) of distQled water. 1 c. c. of 
this solution represents 0*005 gramme of dry diabetic sugar. 

2nd. A solution of caustic potash of the specific grayity of 
1060. 

3rd. A saturated solution of the bitartrate of potash. 

The object of keeping these solutions separate, instead of 
combining them as is tLsually done, is in order to avoid the 
danger of the spontaneous reduction of the oxide of copper, 
which uiyariably takes place sooner or later in all the ordinary 
standard solutions. Haying the solutions at hand, place before 
you two porcelain capsules, each containing an ounce of 
distilled water ; to which add 20 c. c. (measured in glass A, 
Fig. 8) of each of the solutions, first adding the copper, then 
the bitartrate, and lastiy the caustic potash. Next take the 
measure B, Fig. 4, and pour into it 10 c. c. of urine, and dilute 
with 90 c. c. of water. The mixture will thus amount to 
100 c. c. 

The succeeding step is to put one of the capsules oyer the 
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spirit lamp, and aa soon aa its contents begin to boil add, drop 
by drop, the diluted urine until the blue colour of the liquid 
entirely disappears. Then place it aside in order that the 
reduced copper may fall to the bottom, and allow you to judge 
by the depth of colour of the supernatant Hquid if much of 
the oxide of copper still remains to be precipitated. While 
this is going on, boil the contents of the second capsule 
after adding to it an amount of dilute urine equal to 
that which was employed in the first experiment; and 
should the supernatant liquid in the first capsule turn out 
to be still blue, add, in addition to the amoimt already 
used, 5 c. c. of dilute urine. After boiling for a few 
minutes, place it aside in order that its reduced copper may 
&Xl down, and repeat the same thing with the other capsule 
until the exact quantity of dilute iirine required to reduce the 
20 c. c. of standard copper solution be ascertained. So soon 
as that is accomplished, all that is required in order to find 
out the quantity of sugar eliminated by the patient in twenty- 
four hours is to divide the total number of c. c. of urine passed 
by the number of c. o. of dilute urine required to reduce the 
20 c. c. of copper solution. 

Suppose, for example, the patient passed, as in case now 
before me, 3720 c c. of urine in twenty-four hours, and 26 
c. c. of dilute urine were required to reduce the oxide of 
copper, the 3720 dirided by 26 would giye the number of 
grammes of sugar contained in the twenty-four hours' urine. 
3720 -f- 26 » 143 grammes in the 24 hoiirs' urine. 

Should the urine contain very little sugar, it is quite im- 
necessary to dilute it; and in that case, the calculation is 
made in the usual way, as for example, for urea. 

Those who hay^ not the means of making a quantitatiTe 
analysis in the way aboye described may adopt the simpler, 
though less exact, method proposed by Dr. William Roberts. 
The following is the mode of procedure : — 
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1. Four ounces of urine are placed in a twelye-ounce phial, 
-with a lump of German yeast of the size of a small walnut. 

2. This is loosely corked, or coyered with a slip of glass, 
and placed in a warm place to ferment. 

3. A companion phial filled with the same urine — say a 
three-ounce phial — ^is tightly corked, and placed beside the 
fermenting phial. 

4. In about twenty-two hours, when fermentation has 
ceased, the two phials are remoyed, and placed in some cooler 
part of the room. 

5. Two hours after — that is, about twenty-four hours from 
the commencement of the experiment — the contents of the 
phials are separately poured into cylindrical glasses, and the 
density of each observed. 

6. The difference between the two specific grayities is thus 
ascertained, and eyery degree of ** density lost" indicates one 
grain of sugar per fiuid ounce of the urine. 

Crystals of diabetic sugar may be prepared by simply 
eyaporating a few drops of urine to dryness on a glass slide. 
But this is only possible when the urine is yery rich in sugar, 
and contains but little urea, and other salts. The most cha- 
racteristic form of crystal is that of the rhomboidal prism 
occasionally arranged in arborescent tiifts, as represented in 
the accompanying drawing (Fig. 26), which was kindly made 
for me by Mr. T. K. Loy, one of the gentlemen attending my 
practical class. Such crystals are in general called diabetic 
sugar ; but I belieye them to be a combination of sugar and 
chloride of sodium, for except in the presence of chloride of 
sodium diabetic sugar neyer assumes a so regulsurly prismatic 
form of crystallisation. Gibb says that when diabetic urine 
contains a larger proportion of salts, the sugar crystallises in 
little circidar masses, with minute crystals prfjjecting from 
the surface. The masses appear to be made up of an 
aggregation of fiat plates of sugar, and, when examined on 



» dark groimd, reaemble lumps of the ivell-kiuiwn bailej- 
sugar. 



5^ C3#=5^ 




Fid, St. —Compound ciyitalB of dlsbetlc gaga uid comi 
taueougl; fomied in concentrated huratn urine, a Ai » 
power, b. HigUy magulSed. 



Phyiiology, 

If we deaiie to be philosopliical ea well as prsctical, it U 
necesaary that we should thoroughlj underetoud the origm 
and destruction of the sugar met with in the animitt economy. 
I BhaU, therefore, now proceed to the consideration t>f the 
phyaiolcgy of diabetes. 

That sugar is a normal constituent of the human frame is 
easily shown by withdrawing an ounce of blood &omahealthy 
man in full digestian, and allowing it to &11 drop by drop 
iato a couple of ounces of boiling water f^tly acidulated 
with acetic acid. By so doing all the albuminous matters are 
■o firmly coagulated, that on filbation a perfectly colourlesa 
liquid is obtained, and on ^plying to it the copper, potash, 
and fermentation tests, the existaice of sugar can be demon- 
strated with facility. Should the patient have had a mixed 
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meal, a great part of the sugar found in his blood will have 
been directly obtained from the food. This opinion is opposed 
to the Tiew of Bernard, who on finding that animals haye the 
power of making sugar out of albuminous substances, fell 
into the error of supposing that all the saccharine matter met 
with in the human body must of necessity be the product of 
the liyer. The results of my experiments on animals have 
led me to an entirely opposite conclusion in as far as 
the omniyora and herbivora are concerned. This opinion I 
arriyed at from finding abundance of saccharine matter in the 
blood of the portal yein and chyle of the thoracic duct of a 
dog, three hours after he had partaken of a quantity of horse- 
flesh, to which had been added a couple of ounces of soft 
sugar. 

Eyen in those cases where the patient has had a mixed 
diet, without, howeyer, haying partaken of any sugar in a 
free state, I still maintain that a great part of the saccharine 
matter met with in the blood is the direct product of the 
food, for the following reason : — All yegetable foods, such as 
bread, turnips, carrots, potatoes, etc., contain a large quantity 
of starch, which starch during its passage along the alimen- 
tary canal is all, or nearly all, conyerted into sugar through 
the agency of the digestiye juices, especially of the saliyaand 
pancreatic fluids. 

The transformation of amylaceous matters into glucose 
during their sojourn in the alimentary canal is not the result 
of accident, but the sequence of an imalterable law, which is 
equally in force in or out of the body, so long as the physical 
conditions necessary for its action are in operation. Thus, if 
an ounce of boiled arrowroot, in a test-tube, be mixed with a 
little saliya, or haye added to it half a dozen drops of pan- 
creatic juice, all the starch contained in the arrowroot will 
Infedlibly be changed into sugar in the course of a few minutes. 
And for this operation the interyention of no other agency 
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than that of a temperature equal to that of the human body is 
required. A precisely similar change occurs in the animal 
organism, and the sugar thus formedis absorbed by the mesen- 
teric veins and lacteals, and of necessity forms part of that 
met with in the circulation. 

As regards camiyora, on the other hand, Bernard's assertion 
is strictly correct, as the result of the following experiment 
will prove. The experiment was most carefully performed 
some years ago by Professor Sharpey and myself, with the 
view of ascertaining not only if sugar exists in the blood of 
camivora, but if sugar is actually present in the blood, of the 
healthy animal, at the moment of its withdrawal from the 
circulation. 

From the femoral artery of a dog fed solely, during four 
days, on boiled flesh, perfectly devoid of sugar, one and a-half 
oimces of blood were allowed to flow directly into boiling 
water, acidulated with acetic acid, and when the clear filtrate 
from this blood was tested, it gave unmistakable evidence of 
sugar, which sugsur must have been formed in the animal's 
body, seeing that not a particle of saccharine matter was 
introduced with the food. It is quite unnecessary for me to 
cite another experiment in order to prove that the animal 
organism has a sugar-creating power, for Nature has herself 
supplied the proofs. Is sugar not a constant ingredient of the 
normal milk of the flesh-eater, as well as of the vegetable 
feeder? Most assuredly it is. If the animal body cannot 
form sugar, from whence does the milk of the camivora receive 
its supply ? For example, where does the sugar foimd in the 
milk of the polar bear come from if it is not manufactured by 
some organ or other in the animal's own body ? Not only 
does the polar bear live on animal diet, but on the flesh of 
animals, such as the walrus and seal, whose chief food is flsh, 
which fish, in their turn, are not usually supposed to live upon 
vegetable matter. As regards this point, I am even inclined 
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to go a step further than Bernard, and npt only assert that 
the carnivorous animal has the power of forming sugar out 
of albuminous substances, but that even in the case of the 
herbivorous animal the sugar met with in its milk is not 
directly obtained from, the digestive canal. This, I think, is 
proven by two facts. 

1st. Milk sugar possesses certain special characters which 
distinguish it from all vegetable sugars. 

2nd. Milk sugar, although abundantly present in milk, has 
not yet been detected in the circulation. The natural conclu- 
sion, therefore, is, that it is formed by the mammary gland. 

Consequently, it is perfectly clear that there must be at 
least one organ in the body capable of forming sugar. 

Now comes the question — In what organ of the body is 
the sugar formed which is met with in the general circulation 
of the camivora ? Answer — The liver. Why the liver ? 
Because, in the case of the camivora, the blood proceeding 
to the liver is devoid of sugar, while that coming from it 
is rich in saccharine matter — richer, indeed, than the blood 
of any other organ of the body. As Bernard may be con- 
sidered in the light of an interested party, and I have already 
cited some of my own experiments, I shall now quote three 
from an entirely independent observer — Schmidt, of Dorpat ; (a) 
the results of which are as follows : — 

Percentage of sugar in 
Portal vein. Hepatic vein. 
1st dog (on animal diet) . . 0*00 0*93 

2nd „ „ . . 0-00 0-99 

3rd „ (fasting during two days) . O'OO 0'51 

These results I have again and again confirmed, so that 
there is not the slightest doubt left in my mind regarding their 
validity, and T believe that they furnish us with the key to 
the well-known fact that some diabetic patients, even when 

(a) Compt. Rend., vol. xlix., p. 63. 
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totally restricted to animal diet, still pass a large quantity of 
sugar. 

Haying now ascertained that the healthy blood always con- 
tains sugar, and that when the saccharine matter is not 
obtained from without, the body manufactures it for itself, 
the next point is to determine if sugar be absolutely essential 
to life, and what use or uses it is put to in the animal 
organism. 

We must begin by finding out if the quantity of sugar in 
the blood is always the same, or if it be liable to variation ; 
and to what extent. 

From the results of a series of experiments made many 
years ago, I came to the conclusion that the amount of sugar 
present in the arterial blood of healthy animals is subject to 
great fluctuations, varying from an almost inappreciable 
quantity, after long fasting, up to 0*24 per cent, during the 
time of full digestion. In the hepatic vein the amount, 
Bernard says, may even be as much as 2 per cent. 

The quantity of sugar present in the general circulation 
seems to follow a definite law, for it goes on gradually in- 
creasing as digestion advances, and as gradually diminishing 
as we approach the period for the next meal, — the maximum 
being reached four or five hours after food, the minimum 
during fasting. Saccharine matter does not entirely disappear, 
however, from the circulation till after prolonged fasting. 
Chauveau found as much as 0*06 per cent, in the blood of a 
dog, and 0*09 per cent, in that of a horse kept during three 
entire days without food. In these cases, as the animals were 
of course forced to live on their own tissues, the sugar formed 
by their livers must have been made out of some one or other 
of the constituents of the blood. 

The rise and fall in the amount of sugar in the circulation, 
according to the state of the digestion, is clearly the key to 
another often-observed pathological fact — namely, that in all 



INFLUENCE OF POOD ON THE AMOUNT OP SUGAR. 227 

cases of diabetes the amoimt of sugar in the urine is subject 
to great fluctuations during the course of the day ; while it 
furthermore explains why in some slight cases of diabetes sugar 
is only to be found in the urine a few hours after a meal. 

Haying said that the amount of sugar in the blood fluctuates 
according to the stage of the digestion, it may now be added 
that the amount of saccharine matter present in the circula- 
tion varies in proportion to the quality and quantity of the 
food. The results of a series of experiments performed in 1858 
before the Practical Physiology Class at University College 
furnish us with the following data : — 

In the arterial blood of the carotid artery of three dogs, four 
hours after having been exclusively fed on horse-flesh, an 
average of 0*08 per cent, of sugar was foimd, whereas eight 
days subsequently, after these same dogs had been freely sup- 
plied with mixed diet, consisting of bread, meat, and potatoes, 
the average amount of sugar in the arterial circulation four 
hours after feeding rose to 0-22 per cent., — hereby affording a 
physiological expltmation of the well-known pathological fact 
that purely animal diet diminishes, while vegetable or mixed 
diet increases, the amount of saccharine matter eliminated by 
the kidneys. 

I must now call attention to the fact that, although the 
quantity of sugar present in the circulation is constantly fluc- 
tuating, the amount found in the liver remains comparatively 
unaltered. Thus, for example, Bernard foimd, about the same 
period after death, an average of Ij per cent, of sugar in the 
livers of dogs fed exclusively on animal diet, on mixed food, 
and on vegetable matter, — a result which, from showing that 
the amount of sugar present in the liver is but slightly in- 
fluenced by the kind of food, led him into the erroneous idea 
hat diet has no influence on the amount of saccharine matter 
manufactured by that organ ; — a mistake which has constantly 
brought him into difficulties while attempting to reconcile it 
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with Other entirely opposed facts, — such, for example, as the 
effects of different kinds of foods upon diabetic patients. 

The reason why the amount of saccharine matter remains 
comparatively stationary in the liver while it is constantly 
fluctuating in the circulation arises from the circumstance of 
the sugar not being stored up in the hepatic cells, but poured 
into the vessels as quickly as it is formed ; therefore the quan- 
tity which the liver at any time contains cannot be accepted 
as a criterion of the amount which the organ produces. Had 
Bernard gauged the amount of saccharine matter present in 
the blood, instead of in the liver, after each particular kind of 
diet, and drawn his conclusions from the results thereby 
obtained, he could not possibly have fallen into the above- 
mentioned error. 

Having thus far traced the rationale of saccharine urine, we 
have still to advance a step further, and inquire whether animal 
food is directly transformed into sugar, or if there is a tran- 
sition stage in the process between protein substances on the 
one hand, and saccharine matter on the other. In the case of 
amylaceous foods, we have already seen there is no connecting 
ink, but that, during their passage along the alimentary canal, 
they are at once transformed into sugar by certain of the diges- 
tive juices. "With protein substances, however, the case is 
very different ; for, ere they can be changed into saccharine 
matter, they must first be resolved into something resembling 
starch. 

I am constantly telling my students that Nature does nothing 
on a small scale ; and the more we study her the more we are 
forced to admire the uniformity and extensive applicability of 
her laws. In the vegetable and animal kingdoms we not only 
encounter analogous substances, but we find that they are 
endowed with similar properties, and respectively perform 
similar functions. We already saw that while the sugar of 
the cane has its analogue in that of the milk, the sugar of the 
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grape has its analogue in that of the liver. I have now to 
point out how even vegetable starch has also its analogue in 
the animal world. 

Although the discovery of a substance in the animal body 
possessing the properties of starch had been long suspected, it 
was not until 1857 that a large enough quantity was separated 
in a sufficiently puie state to admit of its being subjected to 
elementary analysis, and thereby allow its striking affinities 
to vegetable starch to be demonstrated. To Bernard belongs 
the credit of having iirst obtained this substance from the 
liver in a free state, and shown its direct convertibility into 
saccharine matter, in consequence of which he appropriately 
gave to it the title of glucogene. 

Glucogene has such a striking resemblance to vegetable 
starch that a short description of its appearance and pro- 
perties will not be out of place. Like ordinary starch it is 
a neutred, white, odourless, insipid substance ; soluble in 
water, but insoluble in alcohol and acetic acid. When boiled 
with diluted mineral acids, or treated with either saliva or 
pancreatic juice, it is transformed like other amyloid sub- 
stances into sugar of the second class. That is to say, into 
a sugar possessing the property of reducing the oxide of 
copper, and of being decomposed by caustic potash into 
glucic and melassic acids. Moreover, it is also, like starch, 
transformed by fuming nitric acid into xyloidine, a combus- 
tible substance, which detonates with flame when heated to 
180**. — Poggiale.(a) On the other hand, it differs from 
ordinary starch in giving with the tincture of iodine a 
reddish violet, instead of a deep blue colour. In which 
respect, therefore, it appears to stand between starch and 
dextrine. 

The easiest mode of extracting glucogene from the liver is 
to add to a concentrated aqueous decoction of the hepatic 

(a) Brown-S^uard's Joumalf 1858, p. 649. 
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substance an excess of glacial acetic acid, whicli instantly 
precipitates all the glucogene, and leaves the albumen in 
solution. The precipitate is then separated by filtration, re- 
dissolved in water, and again precipitated by absolute alcohol ; 
the process being repeated until the substance separates in 
a perfectly pure state. 

While giving credit to Bernard for being the first to extract 
glucogene firom the liver, I must not omit to yield to Hensen his 
proper meed of praise in having foreshadowed the discovery 
by his researches on the saccharine function of the liver pub- 
lished in 185 6, (a) in which he stated that he had found in the 
liver of rabbits a yellow substance transformable into sugar 
by the action of saliva, pancreatic juice, and even portal blood. 

According to Pelouze, glucogene is composed in 100 

parts of 

Oxygen . . . ,54*1 

Carbon 39*8 

Hydrogen . . . .6*1 

100-0 
Glucogene has been detected in the livers of all animals in 
which it has hitherto been sought for, no matter whether they 
were animal or vegetable feeders, and consequently the natural 
conclusion is that the liver possesses the power of forming it 
out of animal as well as vegetable food. But while, in the 
case of camivora, glucogene is only met with in the liver, in 
that of the herbivora it has been encountered in various other 
situations, for example, Poiseuille et Lefort found in the blood 
of a bull 0*073 per cent. In the chyle 0-123 per cent., and in 
the lymph 0*266 per cent.(b) It is even to be met with in the 
muscles. Here is a beautifully pure specimen of glucogene, 
given to me by Professor Scherer, which he obtained from the 
muscles of the horse. Moreover, the quantity of glucogene 

(a) Verh. Med. Phy. Oesell, Wttrzburg, vol. tIL, part 11, 1856. 

(b) Compte»rRendu8, April 5, 1858, p. 645. 
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in the livers of herbivora is many times greater than that met 
with in those of the camivora. 

Now comes the question, What are the uses of glucogene 
in the animal economy } 

We all know that starch, as starch, cannot nourish the 
lody, and from certain facts presently to be related it is highly 
Xrobable that glucogene must, like ordinary starch, be trans- 
fcrmed into saccharine matter before it can play its part in the 
irtricate processes of life. We already know that at least a 
geat part of the glucogene formed in the liver is changed into 
sigar before it is permitted to leave that organ. We are also 
aquainted with another exceedingly interesting and important 
fct, namely, that, be the transforming agency what it may, it 
h quite independent of any so-called vital influences. The 
tansformation of glucogene into sugar appears to follow the 
ame unalterable law as that already noticed regarding the 
tansformation of ordinary starch, for not only does it continue 
i force after the death of the animal, but even after the 
emoval of the liver from the body. All that is required 
.pparently being the sustaining the organ at a certain 
emperature. 

This assertion can be easily proved by taking the liver of a 
lealthy animal, and after it has been, as far as possible, com- 
pletely freed from sugar by passing a current of water through 
its vessels, keeping it in a warm apartment for six or eight 
hours. The tissues of the organ will then be found saturated 
with sugar, although only a small quantity could be detected 
immediately after its removal from the body. 

The results of the following experiment, (a) which was per- 
formed by Professor Sharpey and myself, will give a tolerable 
idea of the rapidity with which glucogene is transformed into 
sugar in a liver after its removal from the body : — 

(a) Proceedings of the Royal Society, No. 38, p. 289. Lancet, October 20, 
1S0O, PL 380. 
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A dog which had been previously fed on animal diet r&- 
ceived a full meal of bread and milk. Five hours afterwards 
the animal was pithed, and a portion of the liver rapidly 
sliced off and immersed in a freezing mixture. The portioft 
of frozen liver was found to contain only 0*333 per cent, of 
saccharine matter ; whereas another portion of the same liver, 
which had not been frozen, after having stood two hours was 
found to contain 1*65 per cent. — that is to say, nearly fivefold 
more of sugar, which sugar had, of course, formed at tie 
expense of the glucogene after the death of the animal. TXe 
0'333 per cent, represents, of course, the amount of sugtr 
present in the liver at the moment of death — an amount 
which appears insignidcant until it is recollected that durii^ 
life the sugar formed in the liver is removed from it wifi 
every pulsation of the heart ; consequently, the quantity pourei 
into the circulation during the twenty-four hours must be veiir 
considerable, notwithstanding that during life only a fraction^ 
part of a per cent, is present in the organ at any one time. > 

I may here mention that it is this circumstance now alludel 
to, of there being but a very small quantity of sugar in th# 
hepatic organ at the moment of death, while a large amount 
is to be found some hours afterwards, which has led Dr. Pavjn 
into the error of supposing that the formation of sugar in the 
liver is in all cases due to a post-, instead of an ante-mortem 
cause. Were we to adopt such a mode of reasoning we might 
with equal justice say that no starch is changed into sugar in 
the digestive canal during life, for as its transformation like- 
vrise still continues after death, the longer we delay in making 
the analysis the greater is the amount of sugar there found. 
In fact, under certain circumstances, the duodenum of an 
animal, immediately after death, may contain only a trace of 
sugar, and yet an enormous amount be found in it in about half 
an hour later. The reason of this being, that so long as the animal 
lived the sugar was absorbed from the intestine by the veins 



\ 
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and lacteals as rapidly as it was formed. Whereas, although 
when it died the absorption process became arrested, the trans- 
formation of the starch into sugar by the pancreatic juice still 
went on. I need not take up any more time by discussing 
this question here ; but refer those specially interested in the 
subj ect to the published writings of Thudichum(a) , Beale(b) , and 
myself (c). I may only further remark that even supposing 
that not a tmce of sugar could be detected in the liver imme- 
diately after death, it would be no more scientific evidence 
that the liver did not manufacture sugar during life, than the 
finding no urine in the kidneys after death would be that the 
normal function of these organs was not to eliminate urine. A 
few more substantial data than any hitherto brought forward 
are required, ere we can venture to accept of negative results 
in the place of positive facts. 

The next point is, ** What becomes of all the saccharine 
matter?" Bernard thought that it was burned off in the 
l\mgs, its chief office being to sustain the animal heat ; but as 
Chauveau and I pointed out, such a doctrine is utterly imten- 
able, seeing that when the experiments are properly performed 
there is almost as much sugar to be found in the blood return- 
ing from the lungs as in that going to them. Thus, for 
example, in a fasting animal I found that while the blood of 
right side of the heart contained 0.10 per cent, of saccharine 
matter, that of the left contained very little less — namely, 
0.085 per cent.(d) In another experiment, performed upon a 
cat, the blood of the right side of the heart contained 0.18 
per cent, of sugar, and that from the left an exactly similar 
amount ; and in order to be certain that no mistake had been 

(a) BrU. Med. Jour., March 17, 1860. 

(b) " Urine and Calculi." Second edition, p. 286. 

(c) Proc. Boy. Soc. No. 38, p. 289. 

(d) For the manner in which the experiments were performed, see the 
author's paper ia the Briiuh and Foreign Quarterly Beview, July, 1857, 
p. 201 
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made in the determination of the sugar by the volumetric 
process, I carefully collected the reduced oxide of copper, 
dried, and weighed it. The amount of precipitate from both 
bloods was identical. 

When one takes into consideration the nature of the lungs, 
he cannot be surprised at these results ; for the lungs are not 
laboratories, like the stomach, but merely an aggregation of 
little sacs whose function is purely physical— at least, in so 
far as respiration is concerned. The only ** vital ** offices they 
perform are simply those required for their own development 
and preservation. The absorption of oxygen and exhalation 
of carbonic acid would perhaps go on just in the same way 
if a piece of goldbeater's skin supplied the place of the air 
vesicles ; for the blood arriving there for the purpose of arte- 
rialisation never leaves the capillaries to become in any way 
incorporated with their tissue. 

Does the saccharine matter disappear, then, in the capilla- 
ries of the general circulation ? It would appear so, for both 
Chauveau and myself have proved, by carefully executed 
experiments, that less sugar is to be found in the veins return- 
ing from a limb than exists in the arteries going to it. Thus » 
in the blood from the femoral artery of a middle-sized dog in 
full digestion I found 0.24 per cent., while that of the corre- 
sponding vein contained only 0.1 6 percent, of saccharine matter. 
From its thus disappearing in the capillaries, one is naturally 
led to believe that it plays a part in the nutritive process. 
"We know, indeed, that while bees have the power of trans- 
forming sugar into wax, man and other animals change it into 
adipose tissue. The negroes are said to become fat and lazy 
during the sugar harvest from sucking the fresh canes, and 
long before the days of Bantingism all Medical men were aware 
that babies fatten on sugar quicker than anything else. In 
1866, while investigating the uses of sugar in the animal 
economy, I gave cats and dogs large quantities of sugar-candy 
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along with their other food, and I invariably found that, 
although they all seemed to like the mixture and become fat 
and sleek upon it, a period at length arrived when they notably 
ceased not only to gain weight, but also to relish the food. In 
fact, at length, some of them would rather starve than touch 
meat mixed with sugar. It must be remembered, however, 
that I was giving them enormous doses — from two ounces to 
a quarter of a pound daily. Whgn the sugar was given in 
moderation no such effects were observed. 

The last point connected with the physiology of the gluco- 
genic function which it is essential for us, as Practitioners, to 
understand, is the origin of the nerve-force which calls it into 
play. Bernard has shown that by dividing the pneumogastric 
nerves in the neck, the secretion of sugar is at once arrested, 
and that the application of galvanism to the upper ends of the 
divided nerves not only re-establishes the secretion, but, if the 
current be continued sufficiently long, augments it beyond the 
normal amount, so that animals thus operated upon not unfre- 
quently become diabetic. On the other hand, the application 
of galvanism to the lower ends of the divided nerves is not 
tound to be followed by any such result. These experiments 
clearly indicate that the nerve-force which excites the liver to 
secrete saccharine matter does not travel from the brain, 
through the pneumogastric nerves to the liver, but rather that 
the stimulus proceeds along these nerves to the brain, and is 
from thence retransmitted to the hepatic organ through some 
other nerve-chain. 

The data yielded by other experiments, which it is at present 
unnecessary to recapitulate, induced Bernard to believe that 
in the healthy animal the reflex action which incites the glu- 
cogenic function originates in the stimulus given by the 
respired air to the pulmonary branches of the pneumogastric 
nerves, and that this stimulus is reflected from the brain 
along the spinal cord and splanchnic nerves to the liver. 
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The point of departure of the normal nerve force which 
calls into play the glucogenic function of the liver may, at the 
first glance, appear a matter of little moment ; but when we 
consider that the secretions of organs increase in proportion to 
the amount of stimulus applied to their nerves, and that an 
excess of secretion, which not unfrequently constitutes disease, 
arises in many cases simply from an exaggeration of the normal 
stimulus, we shall at once acknowledge the importance of 
thoroughly understanding the physiological, before attempting 
to remedy the pathological condition of an organ. When an 
answer has been given to the query, ** Where is the sugar 
secreted? '* the question next in importance to the Physician 
is most assuredly, ** By what means is the secretion excited ? " 
A satisfactory answer to the latter question may not impro- 
bably furnish a guide to the successful treatment of a hitherto 
considered incomprehensible disease. 

There is no difficulty in accounting for the liver being 
excited to secrete sugar when an irritation is applied to the 
pulmonary branches of the pneumogastric nerve ; but we are not 
necessarily forced to believe that they are the branches which 
normally call into action this peculiar function of the organ 
referred to. Indeed, if such be in reality the case, how does 
it happen that while the respiration, and consequently the 
stimulus, continue at about the same rate during the entire 
day, the secretion, which is said to be the result of the stimulus, 
varies at different times ? At one hour it is known to be 
exceedingly active ; at another, somewhat later, almost dor- 
mant. Such a result has no parallel in any other organ of the 
body. A certain amount of stimulus, cateris paribus, in- 
v^ably calls forth a similar and definite amount of action ; 
and upon what grounds are we warranted in considering the 
function of the liver an exception to the general rule ? I need 
scarcely detain you at present with further arguments against 
what appears to me an imtenable hypothesis, as I believe the 
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results of the subjoined experiments clearly indicate, that (/"the 
pneumogastric is the nerve which carries the stimulus to the 
brain, to be from thence transmitted by the spinal cord and 
splanchnic nerves to the liver, the point of departure of the 
stimulus is most probably in the liver itself, and that the cause 
of the reflex action may originate in the stimulating effect of 
the portal blood upon the hepatic branches of the pneumo- 
gastric nerve. If, for example, the stimulating effect of the 
blood of the portal vein be imitated as much as possible by 
injecting into that vessel substances, such as alcohol, ether, 
chloroform, methylated spirit, or ammonia, the liver is excited 
to secrete an excess of sugar, and the animal operated upon is 
for a time rendered diabetic, (a) 

The conclusion to which the results of the experiments led 
me was, that stimulants produce diabetes by exciting the 
hepatic branches of the pneumogastric to transmit an impres- 
sion to the nervous centre, to be from these reflected to the 
liver, and thereby cause the increased secretion of saccharine 
matter ; and if this explanation be the correct one, it is very 
probable that the normal secretion of sugar is caused by the 
stimulating effect of the nutritive materials in the portal blood. 
The following facts materially strengthen this view : — During 
the time of digestion the blood of the vena port® must, of 
necessity, prove most stimulating, as it is then loaded with 
nutritive materials ; and this happens to be exactly the period 
at which the greatest quantity of sugar is formed. On the 
other hand, the blood of the portal vein of a fasting animal 
contains very little nutritive material ; consequently during 
this period the quantity of sugar ought to be lessened, and 
this, in fact, is exactly what occurs ; for, in a fasting animal, 
the secretion of sugar has invariably been found to be at its 
minimum. 

(a) For a full account of these researches, see an article by the author in 
the £rU. and Foreign Quarterly Rev.f July, 1867. 
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The important bearing of these physiological data "^^'ill be 
more fully appreciated when we are considering the pathology 
of diabetes ; for, as will be presently seen, they furnish us 
with a key to the rational treatment of some of the forms of 
saccharine urine» 



Pathology, 

We now come to what, at least as far as we, as practical 
Physicians are concerned, may be considered the most import- 
ant part of our subject, namely, its pathology. Diabetes 
happening, however, to be one of those intricate diseases 
leaving behind it no characteristic anatomical lesion by which 
a clue to its seat can be obtained, it is not in the dead house, 
but in the clinical ward and physiological laboratory that the 
nature and treatment of the affection are most successfully 
studied. What has now to be said of its pathology and treat- 
ment will, therefore, be found greatly simplified by the know- 
ledge we have already obtained of its physiology. In fact, we 
shall soon find that the presence of sugar in the urine, like 
the discolouration of the skin in jaundice, is not of itself the 
disease, but merely the most prominent sign of several widely- 
differing abnormal conditions, the correct appreciation and 
understanding of which entirely depend on our acquaintance 
with its physiology. 

Diabetes has, for example, been found to follow upon — 

Injury to the head, with or without fracture of skull. 

Clot in the pons varolii. 

Softening of the base of the brain. 

Abscess of the cerebellum extending into the fourth ventricle. 

Tumour (the size of a nut) in the left lobe of the cerebellum. 

Disease of the sympathetic nerve. 

Tumour of the pneumogastric nerve. 

Deposit of bony spiculae in the falx. 
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• Excessiye brain work. 

Intense grief. 

Sudden mental shock. 

Blow on the epigastrium. 

Pregnancy. 

Uterine disease. 

Disordered digestion. 

Exposure to cold, etc. * 

Even in some Instances diabetes seems traceable to here- 
ditary constitutional peculiarity, for not only is it occasionally 
met with in more than one member of the same family, but it 
has even been found present in parent and child to the third 
generation. Thus we find it related (a) that Dr. Hosier had a 
patient whose father, mother, and two sisters died of diabetes, 
and that within three weeks after the woman came to the 
Hospital, her son, aged 15, also presented himself, suffering 
from the same disease. 

Seeing, then, that diabetes springs from a multitude of 
causes, and that the symptom of saccharine urine is not itself 
the disease, but merely the most prominent sign of the hidden 
complaint, we can easily understand how a variety of morbid 
actions, quite distinct from each other, and perhaps of a 
diametrically opposite character, may produce it. For example, 
if the normed stimulus of the liver be exaggerated, an abnormal 
amount of sugar will be secreted, and if the quantity formed 
be greater than the amount requisite to supply the wants oi 
the system, the excess, which then acts towards the organism 
as a foreign body, will be eliminated along with the ujine, and 
the disease diabetes mellitus established. On the other hand, 
the case may be reversed, and there may still exist an abnormal 
amount of sugar in the blood to be eliminated with the urine, 
notwithstsmding that only the proper amount has been secreted 
by the liver. This, of coujse, must of necessity happen when 

(a) Brit. Med. Joum., Dec. SI, 1864. 
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from any cause the process of assimilation has been interferedr 
with, and the body fails to consume its normal quantum of 
saccharine material. 

Hence, it is evident that we may have two perfectly distinct 
forms of the same disease, one of which might be named 
Diabetes from excessive formation; the other. Diabetes from 
defective assimilation (mal-nutrition). 

I shall presently have occasion to show that this theory is 
equally supported by clinical observation as by the results of 
scientific inquiry. It will be found, too, that it furnishes us 
with a logical explanation to the fact which is so familiar to 
all who have had much experience with diabetic cases — 
namely, that while one man improves and gains both weight 
and strength on animal diet, another on the same regimen 
loses both flesh and energy, notwithstanding a diminution, 
perhaps, taking place in the amount of sugar excreted. 

Piorry's idea of curing diabetes by giving, instead of with- 
holding, saccharine matter may after all turn out to have more 
reason in it than at first sight appears. Like the animal diet 
system, however, it will be found only applicable to a certain 
class of cases. The great point for us, then, is to be able to 
discriminate between the two forms of morbid action, in order 
that our plan of treatment may be the one best adapted for 
the particular case. 

How can this be done ? Fortunately, the two forms of 
diabetes have certain peculiarities connected with their history 
which enables us in most cases to distinguish the one from the 
other. 

In those resulting from, excessive formation the patient is not 
necessarily emaciated and weak. He may, on the contrary, 
look both fat and ruddy — appearing, in fact, to be in the very 
bloom of health. ^This is especially true in slight cases, as 
well as in the early stage of even those which run on to a fatal 
termination. In this class of patients it is not until the 
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disease has made considerable inroads on the constitution that 
there is any marked emaciation. 

In the second class of cases, on the other hand, namely, 
those resulting from defective assimilation, emaciation is one 
of the earliest and most prominent symptoms, the loss of 
flesh beiQg often yery marked before the nature of the disease 
is detected. Exactly the reverse of what frequently occurs in 
the first class, in which the patient occasionally receives the 
first warning of the afiection from the accidental detection of 
sugar in his urine. 

An inordinate thirst and excessive elimination of urine is 
in all cases an indication that the disease is already in its 
second stage, the first stage being indicated, in those arising 
from excessive formation, by saccharine urine alone, and in 
those from defective assimilation by saccharine urine coupled 
with loss of flesh. 

At one time, when a patient was said to have diabetes, it 
was considered tantamount to saying his days were numbered. 
As our knowledge has increased, however, we have learned 
that although it is but seldom possible for us to eradicate the 
disease, we can, nevertheless, so mitigate its effects as not only 
to prolong the life of the individual, but to render it a toler- 
able, if not even an agreeable one. Prout used to declare that 
diabetic patients are for ever standing on the brink of a pre- 
cipice, for they are in constant danger of succumbing from the 
indirect as well as the direct effects of the disease, in conse- 
quence of there being in them an absence of that vital stamina 
which enables healthy persons to resist the inroads of disease. 
This is, no doubt, true, for the mal-nutrition which diabetes 
induces renders the constitution prone to take on low inflam- 
matory actions, which, if set up in a healthy individual, 
would produce but a temporary illness, but when engendered 
in the diabetic, rapidly run on to a fatal termination. But, as 
forewarned is forearmed, this need not distress, but only make 

R 
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UB the more careful at once to remedy any trifling deviations 
from the normal Btandard, which, in the healthy, might be 
allowed to pass unheeded. 

Having only specified two forms of diabetes — 1st, That by 
excessive formation ; 2ndly, That by diminished assimilation 
— it may naturally be asked how this statement can be recon- 
ciled with the one previously made regarding the multitude 
of causes inducing the disease ? Easily enough, as we shall 
now see. 

Nerve Lesion and Disease as a Cause of Diabetes, 

It is generally admitted that the various secreting organs of 
the animal body are stimulated to perform their different 
functions by direct and reflex nerve-action, and the liver proves 
to be no exception to this law. If the pneumogastric nerves 
be divided in the neck, the glucogenic function of the hepatic 
organ is arrested, and when galvanism is applied to the upper 
(but not to the lower) ends of the divided nerves the saccha- 
rine secretion is re-established. Moreover, it has been ascer- 
tained that this leflex nerve-force, which travels by the 
pneumogastric nerves to the brain, is from thence reflected 
along the spinal cord, splanchnic nerves, and solar plexus, to 
the liver. (Bernard.) It has been further ascertained that it 
is not at all essential that the galvanism be applied to the 
cervical portion of the pneumogastric in order to re- excite the 
sacchsuine secretion, for, according to another well-known 
physiological law, irritation produced at any point of a reflex 
nerve circuit is invariably followed by the same phenomena. 

As what I am now attempting to explain is the keystone to 
the comprehension of the pathology of diabetes by nerve 
influence, it is absolutely essential that my meaning should be 
clearly understood. I must, therefore, solicit your attention 
for a moment to the following experiment : — 

Let the hind legs of a frog be prepared in the manner repre- 
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sented in the accompanying woodcut) every attachment being 
severed except that of the sciatic nerves with the spinal cord. 
Besides this, let the motor roots be divided on the right side 
(Fig. 27, a-b)f and the sensory roots on the left (c-d), so as to 

Fig. 27. 




o. 27. — Reflex circuit in hind legs of frog attached to the spinal cord. 
a-2>, anterior motor root of (g) right sciatic nerve, c-d, posterior sensory 
root of (h) left sciatic nerve. 

leave only one complete nerve-chain. The application of a 
slight galvanic current to the toes of the right limb will then 
be instantly followed by contractions in the muscles of the 
left, showing that the nerve stimulus is transported through 
the sensory nerve of the right limb to the spinal cord, and 
reflected from thence, through the motor nerve, to the muscles 
of the left extremity. In order to produce this muscular 
movement, however, it is not at all necessary tha 
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the galyanism be applied at the extremity of the sensory 
nerve; for irritation produced in any part of its course 
(g, for example), at its root (c), or even in the opposite nerve 
chain (A), will still be followed by the same muscular contrac- 
tions. NoW( it so happens, with regard to the glucogenic 
function of the liver, that the pneumogastric is the analogue 
of the sensory, and the spinal cord and splanchnic of the 
motory nerves of the frog's limb ; so that an irritation applied 
to any part of the pneumogastric nerves, spinal cord, or 
sympathetic reflex glucogenic circuit, is as effectually followed 
by a secretion of sugar as the application of galvanism to the 
sciatic nerves of the frog's limb is followed by muscular con- 
traction. Moreover, the irritation, galvanic or other, has only 
to be applied to the glucogenic circuit sufficiently long or 
sufficiently powerfully in order to induce saccharine urine. 
Hence it is within the power of the physiologist to render 
animals artificially diabetic by a variety of experimental 
procedures implicating the various parts included in the 
reflex nerve-chain above indicated. Thus diabetes can be 
artificially established by applying the irritation to the 
extremities of the pneimiogastric in the liver ; as when 
stimulants are injected into the portal vein (the author), 
or by irritating the pulmonary branches distributed in the 
lungs, as where chloroform is inhaled (Reynoso), or by apply- 
ing galvanism to the cervical portion of the nerves, or by 
irritating their roots, as when injury is applied to the floor of 
the fourth ventricle (Bernard), or by acting on the downward 
chain, as, for example, when the splanchnics are divided. 
(Graffe.) In fact, I might go on to prove experimentally 
that the rationale of saccharine urine, by reflex nerve action, 
is as comprehensible as the rationale of the muscular contrac- 
tion in the frog's limb. Nay more, just as we may have 
muscular contraction following upon the indirect application 
of a stimulus to the nerves in the frog's limb, so we may have 
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saccharine urine following upon the indirect application of 
the stimulus to the glucogenic circuit. For example, diabetes 
may be induced by a blow on the epigastrium, or from an 
injury to the head, as in the case which I already cited in a 
previous lecture. The patient at the time he was admitted 
into University College Hospital under the care of my col- 
league, Professor Erichsen, was suffering from paralysis 
consequent upon injury to the head received in falling from a 
scaffold. It may be mentioned that it was in consequence of 
the man having fallen upon the occipital region that I sug- 
gested the possibility of his being diabetic, and had the urine 
tested. In this case sugar was found the very first time the 
urine was examined, so that it is impossible to say when it 
first became saccharine ; no sooner was the sugar detected, 
however, than the nurse was ordered to collect daily all the 
urine voided during the twenty-four hours, and transmit it 
to the laboratory for quantitative analysis. 

The analyses were made by my former pupil. Dr. Pringle, 
and the following is a table of the results : — 



1867. 


Quantity of urine. 
In cub. centim. Oz. 


Quantity of sugar. 
Grammes. Grains. 


July 18th 


. 952 = 


30-7 


2*38 ^ 36-89 


20th . 


. 1000 = 


32-2 


6-00 == 77-50 


21st 


. 2187 = 


70-5 


6-38 = 98-89 


22nd . 


. 1875 » 


60-5 


3-90 » 60*45 


26th , 


. 1955 « 


63-6 


3-48 » 53-94 


28th . 


. 1000 :== 


32-2 


1-25 = 19-37 


31st . 


Not sufficient 


.sugar 


for quantitative anal' 


August 3 


No sugar. 







It will be seen that at first after the receipt of the injury, 
the sugar went on steadily increasing, and then, as the patient 
recovered, it as gradually steadily diminished, until at length 
it entirely disappeared. 

This was prognosed when I first saw the case For the 
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condition of the man, as far as his diabetes was concerned, was 
exactly similar to the state of rabbits rendered artificially 
diabetic by pimctjire of the fourth ventricle, and we all know 
that at first the amount of sugar gradually augments until the 
injury in the cerebral '■ substance begins to heal, and then the 
diabetes as gradually disappears. 

Some may say, we had no proof beyond the existence of 
saccharine urine that injury had occurred to, or in the neigh- 
bourhood of the fourth ventricle. This is very true, but I 
think the reasoning from analogy justifies the diagnosis. How- 
ever, as some may be sceptical on this point, I shall now cite 
a case where the diagnosis may be said to have been verified 
by the post-mortem examination: * 

On November 13, 1859, a man was brought to University 
College Hospital in a state of insensibility, with slow, ster- 
torous respiration, a weak pulse, and contracted pupils. As 
the patient died without ever regaining consciousness, the only 
history of the case that could be obtained was that he was 
seen suddenly to fall down in the street, and when picked up 
was in a state of complete insensibility. At the autopsy, the 
only lesion found was a clot encircling the medulla oblongata 
and extending upwards into the pons Varolii, its situation 
being apparently such as to have caused considerable pressure 
on the fourth ventricle and roots of the pneumogastric nerves. 
The presence of sugar in the urine was sought for, and in this 
case was demonstrated without the least difficulty. Although 
no quantitative analysis was made, there can be no doubt that 
the sugar was abundant, as the urine became quite brown on 
being boiled with potash, and freely reduced the oxide of 
copper. The flow of urine must have been also copious, as 
the bladder was found greatly distended by it after death. 
The substance of the liver contained a large amount of sugar, 
and even the brain itself was impregnated with the saccharine 
matter, for an aqueous decoction yielded all the reactions in a 



FROM INJURY TO THE HEAD. 247 

very decided manner. Now, unless we are to suppose that 
this patient had been preyiously suffering from diabetes, of 
which his body presented none of the external signs, one is 
led to the conclusion that the saccharine urine was the direct 
result of the pressure of the clot on the fourth ventricle. 

Another case of diabetes from external injury to the head may 
be mentioned, as it, like the one already cited, affords an 
example of spontaneous cure. The urine of a woman, under 
the care of Dr. Todd, who had hemiplegia and rigidity of 
the right side, in consequence of falling down stairs upon 
her head, when examined on the 20th day after the injury 
was found to be of a specific gravity of 1021, and to contain a 
small quantity of sugar, which gradually disappeared as the 
patient got well. 

Several years ago, Dr. Goolden had a case of a similar kind 
in a railway stoker who was struck on the occiput by the 
handle of a crane, and remained diabetic during his illness, (a) 
Some nerve lesions give rise to a diabetes of a still more 
permanent character, as the following case will show. Dr 
Kamsbotham, of Amwell-street, informs me that when on a 
visit to a Medical friend in Kent a year or two ago, he found 
him in a fair state of health, with the exception of feeling 
extreme thirst, and suffering from great languor. Suspecting 
diabetes, he examined the urine, and found it to be above the 
a-^erage in quantity, of a specific gravity of 1044, and. loaded 
with sugar. The gentleman had never suspected that he was 
diabetic ; it is therefore impossible to say how long this state 
of matters had existed. The important part in the history 
of the case is, that four or five years previously he had 
been thrown from a horse, and in some way or other got his 
head forcibly bent forwards, and for a length of time after- 
wards he could not turn it to either side without great pain ; 
at the same time both the senses of smelling and hearing were 
(a) Medical Timei and Gazette, May 15, 1858. 
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blunted. The last report Dr. Kamsbotham had of the case 
was that " the diabetic symptoms were ameliorated, or at any 
rate, had ceased to be a source of annoyance." 

While calling attention to these cases of diabetes, the result 
of cerebral lesion and disease, I must not omit to mention that 
an inordinate flow of urine may foUow upon concussion of the 
brain without being associated with the presence of sugar. 
An interesting case of this kind was obseryed in M. Moutard, 
Martin's wards, in which, after a concussion of the brain, fol- 
lowed by hemiplegia, the patient suffered from extraordinary 
polydipsia. Under the influence of a seton, the cerebral 
symptoms amended and the polydipsia entirely disappeared, (a) 

As cases of polydipsia are not common, and some authors 
have even entirely doubted their existence, I may mention an 
interesting case related by Dr. Watson : — A boy, aged 11 
years, who was very thin, but not unhealthy looking, was 
troubled with thirst and frequent micturition, passing daily 
nine or ten pints (180 to 200 oimces) of pale dilute urine» 
of a specific gravity of 1002 — sometimes, indeed, scarcely 
heavier than distilled water. Every remedy was tried, but 
he left the Hospital no better than when he entered it. Even 
when his drink was limited to a pint and a-half, he still passed 
ten and a-half pints of urine, (b) 

In a case of my own, a man, aged 57, passed, on an averaget 
eight pints (4960 c.e.) of urine of a specific gravity of 1010 in 
twenty-four hours, the daily average of urea being 70 grammes 
(1085 grains). Notwithstanding that the patient passed so 
much urine, he only drank about half that quantity of liquid, 
and, strange to say, although he had an exceedingly dry skin, 
he never complained of thirst. The polydipsia had lasted 
three years, and during that time he lost forty-two pounds 
in weight. No sugar was ever detected in his urine. 

(a) Gazette des H6p., No. 18. 

(b) Lect. on the Practice of Fhysic, vol. IL, p. 611. 
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Cerebral disease — not consequent on injury — ^may also be 
productive of saccharine urine. Thus, for example, epilepsy 
is occasionally accompanied by diabetes. 

In a case of this kind which occurred in the Hospital for 
the Epileptic and Paralytic, under the care of Dr. Brown- 
Sequard, the pons Varolii and calamus scriptorius of the 
fourth yentricle were found diseased, (a) The man, aged 53, 
whose urine was of a specific gravity of 1037, and "contained 
a good deal of sugar," had increased sexual desire before 
death. 

A short time since I examined the urine in a case of Dr. 
Hughlings Jackson's, in which, with disease in the near neigh- 
bourhood of the apex of the calamus scriptorius, there was 
for several months sugar in the urine. 

M. Luys related to the Paris Anatomical Society a case of 
diabetes which lasted over three or four years. At the autopsy 
the anterior wall of the fourth ventricle was found highly 
vascular and its consistence notably diminished, very slight 
scraping bringing off a gelatinous pulp of a brownish yellow 
colour, the ventricle exhibited the colour very remarkably at 
certain spots. The lesion consisted in the molecular destruc- 
tion of the histological elements, and their debris, loaded with 
yellowish granulations, gave rise to this peculiar colour. This 
lesion may be regarded as exactly corresponding to the trau- 
matic one produced by the experimental physiologist which 
leads to an exaggeration of the glucogenic function of the 
liver and the consequent passage of sugar into the urine, (b) 

In other cases of cerebral disease diabetes also occurs. 
Thus, Laudet (c) mentions the following four cases in which 
he observed it. The first is that of a woman, aged 32, who 
while pregnant was affected with the loss of vision of the left 

(a) Lockhart Clarke in Beale's Archiv.y vol. iv., p. 146. 

(b) BuUetin do la Soc. Anatom., voL v., p. 219. 

(c) Acad, dee Sciences, March 2, 1857. 
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eye, without paralysis. She at the same time suffered from 
Tomiting and headaches, and on one occasion had symptoms 
of coma accompanied by paralysis of the third and fifth part 
of cerebral nerves. These symptoms were accompanied with 
great thirst and the other signs of diabetes mellitus. Under 
the administration of iodide of potassium the paralysis and 
diabetes diminished. 

The second was that of a woman, aged 53, suffering from 
hemiplegia and epilepsy, supposed to have originated in 
apoplexy. Two years later diabetes appeared, and in one year 
more also albuminuria. 

The third was that of a woman, aged 80, suffering from 
hemiplegia of the left side. In eight months' time she had 
great thirst consequent upon an attack of diabetes. This was 
followed by gangrene of the right foot, from which she died. 

The fourth was that of another woman, aged 39, who in the 
sixth month of gestation became paralysed, with convulsions. 
Gradually these disappeared, and only slight swimming in the 
head remained. Six years afterwards she was found to be 
diabetic. This patient ultimately died of small-pox. (a) 

Over-mental exertion I have put among the causes of sac- 
charine urine. An interesting example of this kind has 
recently fallen under my notice in the case of one of our 
students. During three weeks of mental excitement, sugar 
was daily detected in his urine. After a fortnight's rest, it 
entirely disappeared, but recurred a few days after the resump- 
tion of the mental labour, again to disappear almost as soon as 
the labour was discontinued. I have seen again and again 
mental labour Increase the sugar in diabetic patients. In the 
case of a clergyman, to which I shall subsequently have occa- 
sion to refer, on several occasions, I found the daily amount of 
sugar double itself when he was preparing for his College 

(a) Gazette Midicale^ March 14, 1857. For some other cases resulting from 
cerebral lesions and disease, see Gazette MidicaU de Pai-is, March 20, 1858. 
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exaxninations, and again gradually return to the uflual ayerage 
almost as soon as they were passed, without either medicine 
or diet being altered. 

Irritation of the pneumogastric or of the sympathetic nerres 
may give rise to diabetes. 

Mr. Nyman relates the case of a Professional gentleman 
who had long suffered from diabetes mellitus. *• After we 
had examined/' he says, *<the above-named organs (chest* 
abdomen, and brain), we commenced the dissection of the 
nervi vagi. On the left nothing abnormal could be found, but 
on examining the right, we met in the thorax immediately 
behind the bifurcation of the bronchii a calculous mass 
(tumour) the size of a hazel-nut, under the entire trimk of the 
nerve, and appeared to have exercised considerable pressure 
upon it." He adds that it is the third time that he has met 
with this morbid condition in persons who have died from 
diabetes. The urine of this patient contained 6 or 7 per cent, 
of sugar, (a) 

One case is also recorded in which disease of the sympa- 
thetic caused diabetes. In a report of the cases occurring in 
the Royal Infirmary, Edinburgh, under the care of Dr. Duncan, 
it is noticed that in one case of diabetes there was found, 
after death, to be an hypertrophy of the lumbar sympathetic, (b) 

Saccharine urine may also arise as the result of indirect 
nerve irritation ; thus it is met with in tumours of the abdo- 
minal organs and in pregnancy, in which cases the only way 
to account for it appears to be by the irritation caused by 
pressure or otherwise of the abdominal sympathetic, perhaps 
the coeliac plexus or some of its branches. 

For further information regarding the effects of nerve lesions 
and irritation in the production of diabetes, reference must be 
made to the physiological views previously expressed. 

(a) Dublin Hosp. Oaz.f from Smdith Trans., July 15, 1867. 

(b) Longet, vol. il, p. 635. 
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We now come to the consideration of 

DUorder* of the Digestive Function as a Cause of Diabetes. 

And, first of all, we must notice those cases which arise 
apparently from the use of stimulants. It is a well-known fact 
that cases of diabetes are much more common in Great Britain 
than on the Continent, and I, like many others, attribute this to 
the fact of a. much greater quantity of alcoholic drinks being 
used among us than among other European nations. A few 
years ago (August, 1861), while on a visit to Munich, in the 
course of conversation, Dr. Pfeiifer, the Professor of Clinical 
Medicine, told me that he had only had one case of diabetes in 
the Hospital during the whole six years he had been in Munich ; 
whereas, while Professor in Heidelberg, although the Hospital 
was much smaller, he had on an average four or five diabetic 
cases in the course of each year. Now, the only way to 
account for this difference was that the Munich Hospital 
draws its supply from a beer (Bavarian) drinking district, 
while the Heidelberg Hospital obtains its supply from the 
wine-drinking districts of the Rhine, ^c. And, curious 
enough, it turned out that even the single case of diabetes 
Pfeiifer had in Munich, he added, came from the Palatinate. 

There can be no difficulty in explaining this action of 
stim\ilants, for, as said in the physiological part of the lecture, 
diabetes can be artificially induced in healthy animals by 
injecting small quantities of alcohol, ether, chloroform, or 
even ammonia, into the portal circulation. 

Por example, I injected 10 cubic centimetres of sulphuric 

ether diluted with 30 cubic centimetres of water into one of 

the branches of the portal vein(a) of a fiill-grown Newfound- 

(a) The experiment is very easily performed by using a sharp-pointed 
syringe, which can be pushed with facility through the coats of one of 
the large mesenteric veins. Care must be taken not to employ too much 
of the stimulant, as it is only up to a certain point that it possesses the 
power of producing artificial diabetes. If too large a quantity be injected, 
it seems rather to destroy than increase the glucogenic function. 
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land dog half an hour after he had been fed. When he rose 
up after the operation, he appeeured intoxicated, and staggered 
a little as he moved about. This effect, however, soon disap- 
peared, and in a few hours the animal looked as if nothing 
had been done to him. In two hours after the injection was 
made, X passed a catheter into his bladder ; but did not obtain 
sufficient urine to enable me to satisfy myself whether it con* 
tained sugar. Some hours afterwards, when I had obtained 
enough urine, I found that it readily reduced the copper in 
Barreswil's liquid, thus indicating the presence of saccharine 
matter. To assure myself that this effect was not due to the 
presence of any other substance, I boiled the urine in order 
to coagulate the albimien, of which it contained a little, then 
evaporated it almost to dryness, dissolved the residue in boil- 
ing alcohol, and filtered. The filtered liquid was next evapo- 
rated to drive off the alcohol, and an aqueous solution made. 
On testing the latter for sugar with the sulphate of copper 
solution, its presence was clearly indicated. Although by 
this method the existence of saccharine matter was rendered 
almost undeniable, I still wished to convince myself of its 
presence by some other means. The urine which the dog 
passed the next day was therefore fermented, and carbonic 
acid gas and a trace of alcohol was obtained, thus placing 
beyond a doubt the existence of sugar. 

The following case shows that ammonia has the same power 
as ether in causing the liver to secrete an abnormal amount of 
saccharine matter :— 

Into the portal vein of a good sized dog in fuU digestion, I 
injected fifteen drops of Kquor ainmoniae diluted with forty 
cubic centimetres of water. In twenty hours afterwards, on 
the animal being killed, his bladder was found enormously 
distended with urine, which not only reduced the copper in 
the liquid of Barreswil, but fermented rapidly. 

These two experiments are selected from a number of others. 
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some of which. I had the honour of performing in 1853 at the 
College of France before a Commission appointed by the 
Soci6te de Biologie; but as the results then obtained are 
identical it is unnecessary to cite them. I cannot refrain from 
mentioning with what pleasure I perused a communication of 
Bemard*s, entitled ** On the Influence of Alcohol and Ether 
on the Secretions of the Digestiye Canal, of the Pancreas, and 
of the Liver/' read before the Soci6t6 de Biologie. (m) M. 
Bernard, instead of putting the alcohol and ether, as I had 
done, directly into the portal vein, introduced them, by means 
of a long oesophagus tube, into the duodenum of dogs, and 
allowed them to be absorbed through the walls of the intes- 
tine, into the portal circulation. The result, as might d priori 
have been anticipated, was identical with what I had previ- 
ously obtained. Bernard, in fact, found that six centimetres 
of alcohol mixed with an equal amount of water, was sufficient 
to excite the liver to secrete a large quantity of sugar, even 
while the animal was fasting. With ether employed in a 
similar manner, he obtained no less successful results. 

Kosenstein(n) has stUl further confirmed the value of the 
physiological data I obtained, by a very complete series of ex- 
periments on the influence of different kinds of drink upon the 
quantity of sugar, salt, and urea, daily eliminated by a diabetic 
patient. He performed the experiments, he says, with the 
view of ascertaining if the conclusions I arrived at were 
equally applicable to the human subject as to the animals 
operated upon, and he came to the conclusion that they are 
identical from his having obtained the following results : — 1. 
Goflee, while it diminished the elimination of urea, increased 
that of the chloride of sodium and sugar. 2. Bavarian beer 
had a precisely similar eflect. 3. The influence of wine was 
also similar — namely, to decrease the elimination of urea, and 

(m) OazetU MidicaJU de Parifj May 10, 1856. 
(n) Virchow'8 Archiv., 1858, p. 461. 
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augment that of the chloride of sodium and sugar. Lastly, 
he found that vinegar exerted a similar influence on the eli- 
mination of these substances. 

If any one doubt the truth of the assertion that stimulants 
excite diabetes, let him select a case of that form of the 
disease arising from excessive formation, and after having 
carefully estimated the daily amount of sugar eliminated by 
the patient, allow him to drink a few glasses of wine during 
the next few days, and watch the result. He will soon find 
that the ingestion of stimulants is followed by an increase of 
sugar, and if stimulants increase the amount of saccharine 
matter in the urine of the diabetic, we can easily understand 
how their excessive use may induce the disease in individuals 
predisposed to it. The effect of stimulants introduced into 
the portal circulation also explains to us how a disordered 
digestion is not unfrequently followed by saccharine urine. 
I may here relate a curious fact in illustration of the latter 
remark. In 1852, at a time when I was much occupied in 
studying the physiology of diabetes, I regularly tested my 
urine twice a-day, and on one occasion I found it to contain a 
small quantity of sugar. On the day in question I had par- 
taken freely of asparagus salad ; and, thinking that this 
might perhaps be the cause of the presence of the sugar, I 
determined to try the effects of a greater quantity. The 
following day, the sugar having entirely disappeared from the 
urine, I again partook of the same kind of salad, both in the 
morning and afternoon. In the evening, on testing the urine, 
I found very distinct indications of sugar. As the observa- 
tion was to me one of great interest, I determined to make 
some further experiments on the subject, in order to discover 
how many hpurs this state of saccharine urine would con- 
tinue. During two days I ate large quantities of asparagus 
salad, taking care to have it made as stimulating as possible with 
vinegar and pepper. The result was far beyond my expecta- 
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tions, for instead of the sugar disappearing from the urine in 
a few hours after I had ceased partaking of the diet in. 
question, it continued to be secreted during several days, until 
I at last became very much alarmed lest the disease had been 
permanently induced. On the evening of the fourth day the 
sugar had almost entirely disappeared, but on the fifth it 
returned in increased quantity, so much so that a drop of 
urine falling on the boot left a distinct white spot. I could 
not account for the recurrence of the disease, as I had been 
particularly careful in my diet during the two {Previous days. 

I have mentioned this experiment because it appears to me 
that if a flow of saccharine urine be induced in a healthy 
person, as I consider myself to be, by disordering the digestion 
and over-exciting the liver, it is very probable that a cause 
insignificant in itself, but operating upon a predisposed con- 
stitution, may tend to produce the disease. Sugar in the urine 
has been found after eating cheese and o^her indigestible 
substances. It is worthy of remark that Dr. Jessen, of Dorpat, 
has rendered horses diabetic by feeding them with hay 
damaged by moisture. M. L^conte has also found sugar in 
the urine of dogs after he had administered to them the nitrate 
of uranium. Several other substances have the same effect, 
and I have no doubt but that a greater number of stimulants 
will be afterwards found to produce similar results. 

We now come to the consideration of the second form of 
diabetes— namely, that in which there is no proof of the 
existence of an abnormal prodttction of sugar by the liver, but 
in which there rather appears to be a diminished consumption 
of the amount normally produced. In illustrating this point 
I have to rely entirely on clinical data for the opinions at 
which I have arrived. 

It wUl be remembered that several years ago Piorry com- 
municated to the French Royal Academy a paper, in which he 
stated that he had successfully treated cases of diabetes 
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by giving the patients sugar-candy, and that he was led to 
do so from, his believing that the cause of death in diabetes 
is the loss of the sugar whiqh is so necessary to support life. 
The cane-sugar was therefore given in order to supply the 
place of the sugar that was lost. 

Not long after reading these views, when on a visit at Brist(A, 
Dr. Budd showed me a young man whom he was treating by 
means of saccharine diet, with apparent benefit. Subsequently, 
Dr. Sloane(a) and Mr. Amyot(b) published papers on the 
saccharine treatment of diabetes, expressing similar opinions. 
On reflecting over the views promulgated by these gentlemen, 
and comparing them with the results of my own clinical and 
physiological experience, it gradually occurred to me that 
there might be two distinct forms of the disease, such as I 
have already described under the head of diabetes by excessive 
formation, and diabetes by diminished assimilation ; and further 
investigation has not only confirmed this view, but enabled me 
to discriminate between the two classes of cases by the history 
and appearance of the patients alone. Before giving examples 
of each form of the disease, let me first explain one or two 
things regarding the symptoms of diabetes, which, I fear, are 
but imperfectly understood. 

First, as regards the amoimt of urine eliminated, some appear 
to consider it a most important sign, and one which we should 
try and check as soon as possible. Now, I beg to differ from 
them, for I believe it fortunate that the diabetic patient does 
pass an excess of water. 

The excessive elimination of sugar is not consequent upon 
the increased flow of urine, for we may have, as already seen, 
an excessive flow of urine without sugar,— but exactly the 
reverse; the excessive flow of urine is consequent on the 
elimination of the sugar. The sugar, in order to be eliminated, 

(a) Brit. Med. Jour., March, 1868. 

(b) Med. Times and Qaz., March, 1861. 

S 
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must be dissolyed, and, in order to be dissolved, must have 
water, and the more water the more readily does the elimina* 
tion of the sugar take place. Some may say, we want to stop 
the elimination of the sugar. Not so ; we want to stop the 
disease inducing it, — not the elimination of the sugar, which 
is the mere result of the disease. Retaining the sugar in the 
blood would only tend to hasten the death of the patient by 
still further deranging the nutritiye functions, and causing an 
abnormal diasmose by altering the relative specific gravity of 
the blood and other secretions. Kemove the cause of the 
accumulation of saccharine matter in the blood if you can, but 
if you cannot do that, aid, instead of trying to retard, its 
elimination from the body. 

Diabetic patients generally pass more liquid than they 
take — about one-fifth or one-quarter more — and although they 
ought never to drink more than they feel a want for, yet they 
must never be stinted, for their continual thirst is but nature's 
cry for relief. If the patient did not drink, the blood would 
soon get too thick to circulate freely through the vessels, and 
a variety of secondary diseases would be induced. Stopping 
the drink diminishes the elimination, but does not stop the 
formation of the sugar. When the formation of sugar de- 
creases, the urine of its own accord becomes diminished. 

As regards the amoimt of sugar eliminated, which is gene- 
rally considered an infallible criterion of the condition of the 
patient, experience has shown me that such an idea is erro- 
neous. A diminution in the sugar in cases from excessive for- 
motion is always a good sign, but in those arising from dimi- 
nished assimilation it is, on the contrary, occasionally the 
reverse. Thus I have again and again seen patients who were 
gradually succimibuig from the starvation effects of a restricted 
diet, at once pull up and improve on a judicious mixture of 
vegetable food, notwithstanding that the amount of sugar in 
the urine was thereby greatly increased. It is the weight of 
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the patient, not the quantity of eliminated sugar, on which we 
ought to rely in such cases. 

Although advocating the employment of vegetable diet in 
cases of diabetes of the second class, I do not wish it for a 
moment to be supposed that I agree with Fiorry in thinking 
that the cause of death, even in this form of diabetes, arises 
from the loss of sugar ; for, on the contrary, I think it springs 
from the inability of the body to assimilate the sugar it 
possesses. In such cases, therefore, I give vegetable food, not 
because it contains sugar, but because it possesses many of 
the other substances necessary for the purposes of nutrition, 
which neither exist in the same quantity nor in so easily an 
assimilated form in animal diet. 

It is well known from the reports of travellers among savage 
nations, that men restricted solely to animal diet must consume 
an almost fabulous amount in order to obtain sufficient of all 
the ingredients requisite in the processes of life. We know, 
too, that an animal can be most effectually starved by limit- 
ing him to one particular element of food, although that ele- 
ment be even albumen. 

« 

The benefits derivable from Piorry's plan of treatment, 
therefore, in my opinion, arise from the fact that when he 
gives sugar he at the same time ceases to restrict the patient 
to animal diet, and thart in the mixed food they find many of 
the materials essential to life much more abundantly and 
in a more easily assimilated form than in animal diet. 

I shall now give a few typical cases illustrative of the two 
principal forms of diabetes. 

Diabetes from Excessive Formation. 

In the beginning of 1860 a young gentleman, aged 19, 
suffering from diabetes, was brought to me by his brother, a 
MedicaVPractitioner, who had detected the disease two years 
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preyiously. This patient had already been under various 
systems of treatment. What appeared to agree with him 
best was animal diet, coupled with small doses of chlorodyne. 
To look at the patient one would haye thought that he was a 
perfectly healthy individual. His weight was 135 lbs. ; the 
appetite was moderate ; and the amount of urine passed was 
not at that time excessive. The object of bringing the patient 
to me, it appeared, was in order that I might, if possible, 
suggest some remedy to replace the chlorodyne, the consti- 
pating effects of which were anything but agreeable. On 
carefully inquiring into the history of the patient, the case 
appeared to be one of diabetes by excess, and the origin of 
the mischief could in some measure be traced to some irrita- 
tion in the liver, which was painful at its lower margin, the 
pain being much increased on pressure. Having an intelligent 
Practitioner to deal with, I at once gave my view of the case, 
and explained how, as scarcely any two cases of diabetes are 
precisely alike, it would be necessary to try the effects of 
different forms of treatment in order to discover what would 
be best for this particular case. 

The following table is an abstract of the results : — 



Date. 



1860. 
March 27 . 



April 10 . 

April 20 
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1 
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45 -60=706 -25 
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~. 


57-26 887-53 
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Animal diet ; ordi- 
nary bread; 5 — 6 
glasses of wine 
and chlorodyne. 

On the same diet 
and drink as 
above, but no 
chlorodyne. 

Animal diet ; gluten 
bread and wine. 

Animal diet and 
gluten bread, 
without wine or 
medicine. 
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The aTeroge amount of sugar passed b; this patient daring 
the next tix. months being from fifty to sixty grammes (7T5 to 
03Q grains) and his weight 156 pounds, a quantitatlTe ana- 
lysis of the sugar was no longer thought necessary. I may 
add that when I last saw the gentleman in August, 1301 
(on the occasion of his bringing to me a poor lad, whose case 
I shall presently relate), he looked In excellent health, being, 
as he said, without any feelings of discomfort, although he 
had still to continue his medicine, for as soon as he neglected 
it, the sugar again increased. 



(1) 



e of their conUfning little or none i 
a first tasted on froga before being e 



■e utterly valueleae, in con- 
I Uie active prlaeipla, that 
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The next case is that of a lady who also suffers from dia- 
betes by excess. Before coining to me she had been under a 
gentleman jconnected with one of the City Hospitals, who 
treated her according to what has been hitherto considered the 
orthodox priaciples of restricted diet, upon which treatment she 
had thriyen so well that when she walked into my consulting- 
room I never dreamt that she came to talk about herself, but 
imagined she came about the health of another patient with 
whom she had been to see me a short time previously. She 
looked, in fact, the very picture of health ; being plump, hale, 
and rosy. 

Like many patients in her position of life, she thoroughly 
imderstood the nature of her disease, and criticised the 
opinions of our first authorities on the subject in a manner 
which somewhat surprised me — especially when she finished 
by saying she had come to put herself under my care, not for 
the purpose of being dieted, hut for the purpose of being able to 
live without being dieted. She was tired, she said, of gluten 
bread, etc., and wanted to live like other people. She had 
brains enough to see that dieting kept down the sugar, not by 
curing the disease, but merely by stopping the supply, and that 
as soon as she gave up the restricted diet, back came all the 
disagreeable symptoms. 

On analysing the urine I found she was in as good a 
condition as restricted diet could make her ; the qiiantity of 
urine passed was moderate, of a specific gravity of 1030, and 
the amount of sugar comparatively trifling, — 310 grains. 
Diagnosing the case to be one of diabetes by excess, I 
honestly told her that although her case was one of the most 
favourable as far as longevity was concerned, it was one of 
the least satisfetctory kind to put on ordinary diet. At the 
same time adding, that the treatment must, in the first place, 
be entirely experimental, it being impossible to say what remedy 
would most successfully allow her to dispense with dieting. 
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The case so closely resembled the preceding in its general 
characters, that I yentured on the same line of treatment, 
and, as -will be seen by the subjoined table, with a favourable 
result. The sugar gradually diminished, until at length, after 
seven months' treatment, the saccharine matter had entirely 
disappeared from the urine. 

Being too sanguine as to the result, in an unlucky moment 
I consented to the patient's throwing aside the restricted diet, 
and whether this was done too suddenly or not I cannot say, 
but certain it is, that before a month was over, the urine con- 
tained as much, and even more sugar than when first I took 
the case in hand. 



1803. 
December 

1864. 
January . 



March 
April 



May. 
June 

July. 

Auguat 

November 

December 



I 



1860 
2480 



1830 
1674 



1395 
1178 

1864 

1984 
1660 
1488 



OQ 



1030 
1022 



1030 
1023 



1030 



1030 



1016 



1080 
1026 



Sugar. 



Urea. 



grm. grs. grms. grs. 
2000=3100i — 



6 00= 77-6 81 -84=1268 -62 



4-23= 65-6 78-56=1217-68 
210= 82-6 60-22= 778-41 



Too UtUe to 69-76»108l'12 
calculate 



Only a trace 44-76B 698*78 



None 



89-66= 613*02 



20.60=819-8 69-60= 922*26 
13 00=201 -6 74-40=1163 20 
10-00=166-0 62 08= 807-24 



On animal diet and gluten 
bread; noother treatment. 

After takinff conia and can- 
nabis Indica during four- 
teen days ; animal diet 
and gluten bread, as be- 
fore. 

Do., do. 

On the same diet, but, after 
increasing the narcotic by 
one-third (40 tu), during 
last three weelu. 

Same as last, but has been 
occasionallv indulging in 
a veiy snudl piece of ordi- 
nary oread. 

Diet still restricted ; has 
once or twice indulged in 
a potato at dinner ; ta^es 
the medicine as before. 

Has had one meal a-day of 
ordinary diet diiring last 
ten days. 

After being for nearly a 
month on ordinary diet. 

Restricted diet and medi- 
cine as at first. 

Do., do. 



One very remarkable peculiarity of this case is the very 
large amount of urea passed by the patient. A large quantity 
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of urea is common to all diabetic cases, and especially to those 
on animal diet. Kegarding the cause of the high percentage 
of urea in diabetes, the Key. S. Haughton (a) remarks that it 
comes from the excessive decomposition of protein substance 
which takes place in this disease, quite independent of the 
amount of bodily work done. 

In a series of observations on two cases in University College 
Hospital, B.inger(b) arrived at the following conclusions : — 

1st. That after the influence of food on the urine has 
entirely disappeared, a constant ratio is maintained between 
the sugar and urea. 

2nd. That affcer a purely non-amylaceous and non-saccharine 
meal both the sugar and urea are increased, but that during 
this increase the same ratio between them is observed. This 
ratio being 1 of urea to 2*2 of sugar. 

3rd. That under both these circumstances the sugar could 
only be derived from the nitrogeneous elements of the body, 
and, therefore, that some such ratio might, on d priori grounds, 
have been expected. 

Diabetei from Diminiahed Asaimilation, 

We shall now take examples of diabetes due to diminished 
asaimilation, and for this purpose select two cases from Hospital 
practice, for the reports and analysis of which I am entirely 
indebted to the combined labours of our clinical clerk, Mr. 
Joseph Thompson, and my class assistant, Mr. J. S. Cluff. 

One male and one female patient are again selected, and 
that too of as near as possible parallel ages to the preceding 
cases of the disease by excessive formation, so that the com- 
parison of the results may be facilitated. 

Fredk. F., aged 16, admitted into University College Hos- 
pital on October 15, 1864. Father and mother both living 

(ft) " Phenomena of Diabetes Mellitus/' Dublin. 1861. 
(b) "On the Belative Amount of Sugar and Urea in the Urine of 
Diabetes MelUtus." Trans. Mtd.-Chir. 8oe., 1860, p. 323. Tear-book, vol. II. 
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and healthy ; family history generally good ; no history of 
phthisis. Present illness commenced about a fortnight after 
last Easter (March 27) » when patient first noticed that he 
made a great deal of water — six or seven pints daily— was 
very thirsty and drank much. His appetite was also very 
great ; says ** he used to eat anything that came before him." 
Has been treated dietetically, and, his father being a butcher, 
has had plenty of animal food. He improved for a time, but 
soon fell off again, and has been gradually getting worse ; is 
much emaciated ; used to weigh 105 lbs., but now only weighs 
75 lbs. ; skin very rough and dry ; bowels regular ; chest 
sounds healthy ; no pain, cough, or night sweats. 

The diagnosis of the case being of diabetes from mal-assimi- 
lation, the patient was placed on ordinary diet, including com- 
mon bread, eggs, and a pint of beer ; while to improve his 
general health a mixture with phosphoric acid and strychnine 
was ordered. 

The patient's temperature was noted three times a day from 
October 19 to November 3, and found to average 971® F., 
being three degrees below the ordinary standard, (a) 

November 25.— Patient looks better. Says "he feels him- 
self much improved ; is not so thirsty ; and makes less 
water." Goes home into the country to-morrow. 

The following table shows the results of the analysis. 



Date, 1864. 



October 21 
26 
28 
31 



n 
it 






o a 






8480 
6457 
7000 
6200 



Reaction. 



Neutral. 
Acid. 



Sp. gr. 



1040 
1087 
1038 
1034 






21800 
28610 
280 00 
281-18 



Urea. 



.a 

I 



4 



76 
77 
77 

to 



(a) Rosenstein was, I believe, the first to mention that in diabetes the 
temperature of the body is below the normal standard ( Virchoto'i Arehiv.) 
I find, however, that this is only invariably true in that form of the 
complaint arising from mal-asslmilation. 
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57-35 
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January 26 


5890 


Acid. 


1036 


294-5 


44-17 


90 


February 22 


5270 


ft 


1035 


263-5 


— 


90 


April 11 


5580 


tt 


1031 


134-2 


40-65 


90 



During the first few days after the patient's admission into 
the Hospital the quantity of the urine was greatly diminished, 
but as he became accustomed to the change, it again rose to 
its ayerage, and there remained until tinct. of cannabis Indica 
along with four drops of laudanum three times a day was 
administered (Noyember 16), when it immediately fell 1000 
cub. cent, in the twenty-four hours. The quantity of sugar 
eliminated also decreased, but of course, in consequence of the 
nature of the case, not to any marked degree. The patient, 
since his return to Nottinghamshire, has still continued the 
use of the remedy, the effects of which will be best appreciated 
if I quote a passage or two from the last letter he wrote to Mr. 
Joseph Thompson, dated April 10, 1865 : — ** I haye sent you 
another sample of my water. . . I am a great deal better in 
health and strength, and my weight is 90 lbs. without my 
clothes. I am still taking Dr. Harley*s medicine, and with 
thanks," etc., etc. 

The rapid improyement which took place in this case when 
•the diabetic system of treatment was discontinued, and the 
patient was put back to ordinary food, is not a little remark- 
able. The improyement cannot be attributed to the change of 



FBOM DIMINISHED ASSIMILATION. 267 

air or mode of life, for as we see it continued just the same 
when the lad had returned to his own home and former ayoca- 
tions. This is a most instructive case in more respects than 
one, for had the patient been treated by the ordinary routine 
system, the more sugar he passed, and, consequently, the 
worse he became, the more restricted would have been his 
diet ; and I have little hesitation in saying that had such a 
line of treatment been pursued it is highly probable that ere 
now the case might hare terminated fatally, for, as before said, 
at the time the lad came to the Hospital he was but a shadow 
of his former self, haying lost 30 lbs. in a few months. 

I have now to contrast a case of diabetes arising from mal- 
assimilation in a female with that firom excessive formation in 
the lady's case previously cited. The nearest in age happens 
to be a very bad case — I may say a hopeless one, for the 
disease was much too far advanced before the girl came to the 
Hospital to render it probable that she will ultimately recover. 

Sarah F., a milliner, aged 27« single, was admitted into 
University College Hospital on January 23, 1865. Has been 
an out-patient under Dr. Harley since December 9, 1864. 

HUtory, — Father died of ** dropsy ;" mother living (aged 
72), has always had good health ; has five brothers and sisters 
all healthy ; no history of phthisis in the fiEmiily. Patient 
states that imtil the last twelve months she has always 
enjoyed very good health ; about this time (twelve months 
ago) she began to feel weak, and had a general feeling of 
fnalaiae ; she lost her appetite, and since last August (when 
she weighed about nine stone) has lost three stone weight. 
Three or four months ago, a few days after receiving a great 
mental shock, she first noticed that she made a great deal of 
virater (five pints in twenty-four hours) ; she could eat nothing 
at this time, but was excessively thirsty, and used to drink 
large quantities of milk and toast water ; lived chiefly on 
slops, arrowroot, &c. ; took no solid food whatever ; says ** she 
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has not moisture enough in her mouth to swallow." Her 
appetite since she has been an out-patient has materially im- 
proved. Still thirsty. Patient is tall, but very thin ; skin dry, 
harsh, and rough ; lips dry ; fiush on cheeks ; no cough or 
night sweats ; does not sleep well of a night, but has no pain ; 
bowels very costive, will not act without medicine. Has not 
menstruated since last August, but up to that time her courses 
had come on too frequently — every fortnight or three weeks 
irregularly. Urine very light coloured ; sp. gr. 1041 ; no 
albumen, but abundance of sugar. 

Put on ordinary bread diet, including chop, beef-tea, milk, 
custard pudding, brandy ^ij. 

Before coming under Dr. Harley's care the patient had been 
treated dietetically. 

Prom December 1 2 until Pebruary 10, the patient took fifteen 
minims of tincture of cannabis Indica three times a day. She 
left the Hospital and became an out-patient again at her own 
desire. 



Date. 
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Dec. 10 

„ 12 

„ 16 
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„ 18 
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3720 
3642 
3562 
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2790 
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2697 
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1033 


Acid 
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Acid 

Acid 


grms. grs. 
186 00=2883 00 
214-20-332010 
178 -25=2762 '87 
150-80=2337 40 
161-46=2502-47 
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98-16=1521-48 
138 =213900 
144-50=2239-75 
134 10=2078 -55 
129-16=2001-82 
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63 •80=833-90 
68-27=903-18 
60 •30=934-65 

66-95=867-22 


lbs. 
81J 
83 
85J 

86 
87 



Mr. Cluff informs me that in both this and the preceding 
case the analyses were always made on a sample, of the forty- 
eight hours' urine, consequently the results are of double 
value. No one will, I think, venture to say any of these cases 
have been Selected on accotmt of their being favourable speci- 
mens for treatment, for in reality they were just the reverse. 
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Both of the two last cases had been considered perfectly hope- 
less by their respective Medical attendants, and yet we see 
that under a different line of treatment they both improved. 
The first one may ultimately get well ; the last I am not san- 
guine about, notwithstanding that the strength of the patient 
has considerably improved. When first brought to the Hos- 
pital, the girl was so weak as to require to be allowed a seat 
during her examination; whereas at her last visit she said 
she was able to walk to the Hospital, a distance of more than 
a mile ; but even that distance seemed to knock her up. 
There are three bad features in her case : — Firstly, the want 
of appetite ; secondly, the excessively costive bowels ; and 
thirdly, the large amount of urea passed considering the small 
quantity of food taken, (a) These four last-mentioned cases, I 
think, clearly illustrate the difference between diabetes result- 
ing from excessive formationf and diabetes arising from 
diminished assimilation, I have only now once more to re- 
mark that as far as dieting is concerned, the treatment of the 
two classes of cases is diametrically opposite. The chance 
of success will therefore be in direct proportion to the correct- 
ness of diagnosis. 

It ought always to be borne in mind that there are such 
things as acute, as well as, intermittent diabetes. First, as 
regards the acute form of the disease. 

Acute Diabetes, — Two remarkable examples of this kind are 
reported by Dr. Noble, (b) One case was that of a boy aged 
17, who died three days after the disease was discovered, and 
only a few weeks after he first felt ill. The other, a young 
lady, who died on the tenth day after the nature of her malady 
had been diagnosed. 



(a) I have since beard from Mr. Clarke, of Oerrard-street, that this poor 
girl subsequently died while under his care, the most striking feature of 
her case being the impossibility of getting the bowels to act. 

(b) Brit. Med. Jour., Jan. 17, 1868. 
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Intermittent Diahetei, — ^In some patients^ again, the peculiar 
condition of body inducing saccharine urine is not in constant 
operation, but comes and j^oes at irregular intervals. A well- 
marked case of this kind occurred in the practice of Dr. 
Ramsbotham, of Amwell-street, the particulars of which he 
has kindly furnished to me. They are as follows : — 

« A lady, aged 72, applied to me in September, 1860, in 
consequence of sore tongue and intolerable thirst, which at 
that time had existed for several weeks. The peculiar smell 
of the breath and increased quantity of the urine (four or five 
pints each day), induced me to suspect diabetes. On examina- 
tion, I found the specific gravity to be 1044, obtained a deep 
brown colour on boiling with caustic potash, and a copious 
red precipitate with sulphate of copper and potash. I gave 
mineral acids, with generous diet, omitting, as far as possible* 
all fSeurinaceous food. By the end of a fortnight the specific 
gravity of the urine was under 1020, and without a trace of 
sugar. At the end of another fortnight the specific gravity 
became again 1044 and the urine loaded with sugar. This 
intermittent state continues up to the present period. The 
specimen of urine for the last twenty-four hours (November 26, 
1861} has a specific gravity of 1018, and does not contain 
sugar." 

Dictbetes complicated with Other Disease, 

Having already seen how saccharine urine is frequently the 
i^ult of other affections, I have now to point out how other 
diseases frequently arise from the want of stamina induced by 
the diabetic diathesis. This is more particularly the case with 
that form of affection resulting from defective assimilation, in 
which, to use an insurance office expression, <*it is a bad life." 
As I said before, Prout used to say of all diabetic patients, 
that they perpetually stood on the brink of a precipice. That 
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statement, though still perfectly true, has been fortunately 
stripped of some of its terrors, since physiology has taught 
us that, under judicious treatment, the life of the diabetic may 
be made little inferior to that of patients labouring imder 
other chronic affections. Forewarned in this disease is truly 
forearmed, so if the patient neglects the warning he has but 
himself to blame for it. 

Some few affections seem to be the direct effects of an excess 
of sugar in the circulation, others the indirect result of the low 
condition the excess induces, rendering the body unable to resist 
the inroads of disease. Thus Mr. France has called attention(a) 
to the frequency with which cataract is met with in the dia- 
betic, and relates cases of its occurrence at an early age — 30, 
and eyen 19 years. The characters of these cataracts are 
peculiar, — Firstly, they are symmetrically deyeloped on both 
sides ; secondly, the lenses are increased in the antero-posterlor 
diameter, so as to interfere with the free play of the iris ; thirdly, 
the opacity attacks different strata of the lens at once ; fourthly, 
the colour and bulk of the lens denotes its soft consistency ; 
and, lastly, they do not come on till after the renal malady 
has existed for some considerable time. Moreover, the eye 
ought in no case to be interfered with, imless the patient is 
completely blind, as these cases are not good for operation. 

The cause of these cataracts has been well explained by Dr. 
Richardson, (b) who was able to produce them artificially in 
animals. They arise from a physical cause — osmose— a 
tendency to equalise the density of the fluids in the lens with 
those exterior to it, — in fact, the imbibition of sugar and the 
transudation of liquid from the lens. Chloride of sodium and 
other saline solutions produce the same effect. They are not, 
indeed, true cataracts, and the proper treatment is to cure the 



(a) Dub. Hotp. Oiu., Hay 1, 1859, p. 136. 

(b) Med. Timet and Q<u.y March tl and April 21, 1860. 
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diabetes, not to extract the lens, which will become quite right 
of itself when the quantity of sugar in the circulation is reduced . 
Cases of diabetes are occasionally complicated with albu- 
minuria. In some instances the kidney disease supervenes in 
the course of the diabetes. One such case has already been 
mentioned ; another occurred to myself. The diabetic patient, a 
man forty years of age, was suddenly attacked with albuminuria 
and dropsy after exposure to cold and wet. The albuminuria, 
after a time, gradually disappeared ; the dropsy likewise 
diminished, but the saccharine state of the urine remained. 
On the other hand saccharine urine occasionally makes its 
appearance in the course of albuminuria. This I have fre- 
quently seen ; but then, the diabetic condition was not only- 
trifling, but merely temporary, so that little importance 
need be attached to it. It may, howeyer, become permanent, 
in which case, especially if the patient is aged, great fears for 
his safety are to be entertained. I shall presently relate a 
fatal case of this kind ; meanwhile, I may mention a most 
interesting one which recently occurred in the practice of 
Dr. Eastlake. The patient, a young gentleman aged 12 years, 
had resided for a time at Calcutta. His urine, when I 
examined it, was four ounces in qiiantity, had a specific 
gravity of 1012, was highly albuminous, giving a copious 
precipitate with heat and nitric acid, either separately or com- 
bined, and contained a considerable quantity of sugar. The 
urine, when boiled with potash, became brown, and gave off 
the odour of glucic and melassic acid. With sulphate of 
copper and potash, on the other hand (it mattered not which 
of these solutions was added first), a fine mauve, instead of a 
blue, liquid was obtained. On boUing, the mauve, as is usual 
in those cases, changed to a purple, then to a red, and lastly, 
a considerable quantity of sugar being present, a precipitate 
of the reduced oxide of copper was thrown down. 

On questioning the patient and Mends closely regarding 
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the origin of the disease, nothing more could be elicited than 
that his legs began to swell about two years ago, and that on 
his \irine being tested, it was found to be albuminous, there 
being not the slightest history of nephritis, either with or 
without scarlet fever. 

On carefully examining the abdomen the liver was foimd to 
be enlarged (3^ inches perpendicular to nipple), and tender on 
pressure. This led me to the idea that the albuminuria was 
secondary to the hepatic affection. As regards the sugar, I 
may mention that it does not seem to have been discovered 
until the patient came imder the care of Dr. Eastlake, which 
was some weeks previous to our consultation. 

The reason why I said that when sugar permanently appears 
in the urine in the course of albuminuria fears for the safety 
of the patient are to be entertained, is because it generally 
indicates a loss of vital energy, which, sooner or later, leads 
to a fatal termination. Dr. Quain has commimicated to me 
an interesting case of this kind. The sugar first appeared 
three years after the albumen. The amount of the urine 
passed shortly before the patient's death being ten pints, and 
the specific gravity, in spite of the albumen, 1035. 

It may be laid down as a rule, as I have elBewhere(a) 
pointed out, that the supervention of permanently saccharine 
urine, even when the amount of sugar is very small, in the 
course of any chronic disease, is invariably to be regarded as a 
most unfavourable symptom. It is not at all improbable that 
cases of albuminuria and diabetes may be met with in the 
human subject when these morbid affections are the simul- 
taneous result of nerve lesion. The reason I think so is, that 
I, like every other experimental physiologist who has worked 
much at this subject, have occasionally induced both albumin- 
uria and diabetes in puncturing the fourth ventricle of animals. 

(a) ''On Jaundioe and Diaeases of the liver/' p. 70 

T 
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This accident has generally happened when the injury to the 
nerve substance has been made too high up. 

A curious case of cancer of nearly all the yiscera, conjoined 
with albuminuria of one kidney and saccharine urine of the 
other, has been reported by Dr. Gibb,(a) the history of which 
is as follows : — 

' A woman, aged 55, had been affected with cancer of the 
uterus for four years, and three years before two operations 
were performed for its remoyal. The disease, howeyer, 
returned, and destroyed the neck of the uterus, the anterior 
wall of the yagina, and posterior part of the bladder, the urine 
dribbling from this general cayity for upwards of a year. She 
died on October 13, the left leg being in a state of gangrene. 
On examination after death, the limgs, pleura, and bronchial 
glands were foimd affected with cancer, the former containing 
distinct tuberculous masses as well, some as large as an egg. 
The liyer weighed four pounds, and contained a number of 
circular cancerous tubercles. The spleen also contained a 
cancerous nodule. The right kidney weighed, with the fluid 
contained in its dilated pelyis, seyen ounces and three-quar- 
ters ; the left, much smaller, weighed, with its fluid, three 
oimces. From both extended dilated ureters filled with urine. 
The urine in the larger kidney was of the specific gravity of 
1026, feebly acid, and contained sugar, as proved by the usual 
copper and other tests ; that in the left was of the specific 
gravity of 1015, neutral, and contained much albiunen. The 
condition of the urine had imfortxmately not been previously 
ascertained, as none could be obtained from the bladder 
during the last nine months of the patient's life. 

Diabetes may also be associated with chylous urine. From 
the observations of Dr. Babington,(b) indeed, it might almost 

(a) Path- Soc. Tram., 1859. 

(h) Todd's "CyclopsBdia of Anatomy and Physiology:" article by Dr. 
Babington on the morbid conditions of i^ blood 
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be concluded that a saccliarine condition of the blood predis- 
poses to this disease, for many of the patients suffering &om 
diabetes whose blood Dr. Babington examined were found to 
be suffering from that condition called piarrhoemia (milky 
serum). 

A few years ago I had the urine of one such patient sent to 
me for analysis by Dr. Charles Coote. The case, which was 
afterwards published by that gentleman(a), was more than 
usually interesting, in consequence of its origin haying been 
traced to psychical causes (mental anxiety), and from its having 
run a very rapid course. The ordinary symptoms of diabetes, 
such as thirst, and excessive flow of urine, only existed for 
three weeks. The average amount of water daily passed 
during that time was from five to six pints, and of a specific 
gravity of 1031-34. 

It has already been said that diabetes is often associated 
with two forms of inflammation. Boils and dangerous car- 
buncles are well known frequently to accompany it ; and now 
it would appear fr^m a paper in the Union Medicate of 
February 28, 1861, that even gangrene occasionally arises in 
the later stage of diabetes. This is not at all incomprehen- 
sible, seeing the great derangement to the process of inter- 
stitial nutrition to which a supersaturated saccharine state of 
the blood gives rise. 

Lastly I have to call attention to impotence as a common 
accompaniment of diabetes, especially in men nearing or a 
little beyond the prime of life. Before me is the urine of a 
case of this kind now under treatment at the Hospital. The 
man J. W., aged 50, was sent to me a few monihs ago on 
account of diabetes. This case having been a very favourable 
one of defective assimilation, under a course of zinc as a tonic, 
the saccharine urine may be said to have entirely disappeared. 
At least, the sugar is now in such small quantity that for the 

(a) Lancet, September 8, 1800. 
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last six weeks it has not been considered worth the trouble of 
a quantitatiYe analysis. Indeed, on the last occasion (two 
months ago) that a quantitative analysis was made, Mr. ClufT 
found it amount to only 1*2 grammes (18^ grains) in the 
twenty-four hours' urine. The patient is at present being 
treated for the impotence which began shortly after he dis- 
covered that he was diabetic, which is now six months since. 
During this period he has never had an erection, although he 
has several times had emissions during his sleep. 

Cases of this kind are not uncommon ; fortunately, however, 
there is one gopd thing connected with them — namely, that 
after the saccharine urine is stopped the steady employment 
of a strong nervine tonic, such as strychnine, is generally suffi- 
cient to effect a cure. 

TrecUment, — Like all intractable maladies, diabetes has had 
a great many specifics proposed for its treatment, and this is 
not surprising, seeing that the number of specifics generally 
increase in exact proportion to the irremediable character of 
the disease they are proposed to cure. I am not, therefore, 
going to take up time by even attempting an enumeration of 
the names, far less of the vaunted virtues, of the specifics for 
diabetes, but shall at once proceed to lay down a few of the 
general principles upon which my own line of treatment is 
founded. 

Fortunately, medicine is of much use in this affection ; and 
although some cases, of course, are beyond all human aid, yet 
many — ^I might almost venture to say the majority — are, to 
some extent, under our control ; and although no one would 
venture to say that he can remove the malady, yet in almost 
every case we can substantially mitigate the more distressing 
of the symptoms, and render the patient comparatively com- 
fortable for the remainder of his life. Occasionally we have 
the satisfaction not only of finding the symptoms improve 
under treatment, but even the saccharine condition of the urine 
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entirely disappear. We must never, however, speak too 
sanguinely even of such a case, for a person who has once had 
diabetes is far from being in the same condition as one who 
never suffered from the disease ; for, just as with insanity, no 
matter however perfect the lucid interval may be, there ever 
exists the danger of a relapse, so with diabetes, however long 
the intermission may be, there always remains the danger of a 
return of the affection. 

The two great types of diabetes, that due to excessive forma- 
tion, the other to diminished assimilation of saccharine matter, 
require, of course, as far as animal dieting is concerned, oppo- 
site modes of treatment ; for while in the former class of cases 
it is a most important — I might almost say an essential — 
adjunct to the other treatment, in the latter it is either detri- 
mental, or, at best, of no use at all. 

Even in the most favourable cases for restricted diet, we 
must never allow ourselves to be deluded into the idea that, 
because we are mitigating the symptoms, and reducing the 
amount of sugar in the urine, we are necessarily curing the 
disease, or we shall frequently be doomed to sad disappointment. 
In keeping a patient on restricted diet, we are merely with- 
holding fr^m him the straw and mortar out of which the bricks 
are made, — ^not removing the makers — so that, as soon as the 
straw and mortar is refurnished to them, they will again be found 
at work as actively as ever. It is true that it occasionally happens 
during the withdrawal of the straw and mortar the makers dis- 
appear ; but this, omfortunately, is by no means invariably or 
even frequently the case ; it is rather, indeed, the exception than 
the rule. We must therefore rely on other means for the removal 
of the makers. Of these other means I shall presently speak. 
Meanwhile, let me explain that by the term restricted diet we 
mean not only the avoidance of all sugars, and substances con- 
taining saccharine matter, but also of all kinds of food con- 
vertible during the process of digestion into sugar. The foods 
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convertible into sugar in the digestiye canal are those contaiiL- 
ing starch (not gums), such as arrowroot, tapioca, sago, flours 
of all the different kinds of cereals (wheat, barley, oats, peas, 
beans, etc.), potatoes, c&rrots, beetroot, parsnips, turnips, and 
other edible roots. 

Green vegetables, on the other hand, such as spinach, 
cabbage, turnip tops, Brussels sprouts, and lettuce need not 
be forbidden, as they contain too small an amount of starch 
to do much injury. 

As for animal foods, on the other hand, every imaginable 
l^ind of fish, flesh, and fowl may be indulged in, so that even 
on the most restricted diet the patient has stUl a large margin 
for selection — ^beef, mutton, pork, venison, poultry, game, and 
wild fowl, oysters, lobster, crabs, prawns, salmon, cod, turbot, 
etc., Iceland and Irish moss, calTs foot or gelatine jellies, 
butter sauces, and salad oils. The only true hardship, in fact, 
the patient suffers is the deprivation of ordinary bread, and 
that appears to be a more severe one than most people imagine, 
I have known patients in whom the craving became at last 
almost intolerable, as if nature were crying out for some 
indispensable element of food. In order to mitigate this 
hardship, a great number of plans of depriving bread of the 
forbidden element, starch, have been suggested, and many of 
them have been in a great measure successful. Thus, we 
have bran, gluten, almond, and glycerine breads and biscuits 
constantly kept in stock by many of our London bakers, (a) 

After a time patients get very tired of these substitutes, so 
It is as well to know that we may occasionally indulge them 
with well done toast, or very crisp pulled bread, the extra 



(a) Blatchley'8, 862, Orford-street^ N. ; Donges, Gower-street North, 
W.C. ; Hill and Son, 61, Bishopagate-atreet, E.G. ; Van Abbotts, 5, Prinoe». 
street, Cavendish-square, W. Persons in the country or any others who 
may desire to have the bread made at home may obtain pure gluten flour 
cUdly or weekly from Parsons, Fletcher, and Co., 22, Bread-street, E.C. 
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heat haying destroyed a considerable portion of the starch 
normally contained in the article. 

As regards drinks, all such as contain saccharine matter are 
to be avoided ; such, for example, as sweet sparkling wines, 
whether they be champagnes, moselles, or hocks. An embargo 
is also to be put on all liqueurs and fruity wines, such as 
young port, Roussillon, etc. ; sweet ales, stout, and porter are 
also to be shunned. If the patient is to be indulged in wmes 
at all, let him have dry Lisbon, old Madeira, Manzanilla, or 
Amontillado sherries, ChabUs, Niersteiner, or old Sauteme ; 
sound clarets may also be indulged in. When stimulants are 
deemed requisite, brandy, whisky, rum, or Hollands may be 
used ; but these ought always to be employed with caution 
for the reasons previously given, when speaking of the arti- 
ficial production of diabetes by means of stimulants intro- 
duced into the portal circulation. 

All that has now been said regarding regimen has of course 
only had reference to that form of diabetes arising from exces* 
siv^ formation. There are no restrictions either as regards 
food or drink requisite in cases springing from defective assimi' 
lation. On the contrary, the duty of the Practitioner is to 
select for his patient not only that which is most nourishing, 
but also that most easy of assimilation. He will often find, 
too, that such cases not only tolerate but even demand the 
free use of stimulants, in order to support the flagging vital 
energies, and enable the weakened organs to perform their 
work, I think if I were asked what is the best remedy for 
diabetes, I might venture to answer, in the language of Opie, 
when the student inquired what he mixed his colours with, 
** BBA.INS, Sir." For to say that any one remedy or particular 
line of treatment is suitable to all cases of diabetes would be 
simply charlatanism of the worst sort. 

For example, when diabetes arises from a traumatic lesion 
of the nervous system, it is not the symptom of saccharine 
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urine tliat we treat. It, we know, will disappear when the 
nerye-lesion is healed. All our energies are, therefore^ 
directed to the hastening of the healing process. 

On the other hand, when the cause is not traumatic lesion » 
but disease of the nervous system, which we know is neither 
likely to disappear of itself nor by treatment — such, for 
example, as tumour of the pneumo-gastrie nerye — our efforts 
are'directed to the subduing of its effects. 

A similar remark is equally applicable to those cases where 
the source of irritation does not exist in the neryes themselves » 
but in the organs which they supply, as, for example, in 
diseases of the lungs, uterus, or stomach. When the cure of 
these is beyond our skill, we have still to try and mitigate 
their effects by the administration of sedatives. A certain 
amount of discrimination is, however, requisite in the selection 
of the sedative. When the source of irritation is in some part 
of the nerve centre, which it is not advisable to narcotise^ 
cannabis Indica is, for instance, to be preferred to opium. On 
the other hand, if it be deemed advisable to produce a sedative 
effect upon the braia, then opium would be the remedy 
selected. Again, should the seat of the disease be found to 
be situated in the pneiuno-gastric nerve, conia is preferable 
to either of the preceding, as it possesses a special narcotic 
influence on that nerve. 

In another set of cases, again, when the digestive organs 
appear to be at fault, hydrocyanic acid or other remedies of 
that class may be employed. In fact, as before said, w&must 
suit the remedy to the special case, and when we fail in finding 
benefit from any particular remedy, we must try the ^ects of 
a combination. Por it will be constantly found that a mixture 
of drugs do good, although each had individually failed to 
make any favourable impression on the disease. 

As the majority of cases of diabetes are very chronic, we 
can easily afford to test the value of the treatment by testing 
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the amount of sugar passed under each remedy, and change 
from one to the other until a beneficial result is obtained. 

In cases of diabetes from defective aaaimilation we find the 
same diversity of treatment required. Some improye under 
nerve tonics, such as strychnine and phosphoric acid, others 
are benefited by preparations of iron, such as the sulphate, 
iodide, and citrate. Then again we find cases absolutely 
demanding the free use of both stimulants and sedatives. In 
fact, it is exceedingly interesting and instructive to glance 
over the various plans of treating diabetes which have 
proved successful in different hands. Thus we find that in 
one case M. Burquet found that from the first day of the 
administration of the proto-iodide of iron the thirst diminished, 
the sugar disappeared, and the strength returned. (a) Denican 
again declares that he has successfully treated diabetes by 
giving the patient equal parts of alum and extract of 
rhatany;(b) while Semmola speaks with equal confidence 
regarding the benefits of electricity in this Protean affec- 
tion, (c) Day found the peroxide of hydrogen (ozonic ether) 
useful, (d) It was tried in University College Hospital by 
Sir W. Jenner and Drs. Reynolds and Fox. One patient 
died, and the other two did not improve, (e) No effect was 
produced on the quantity of sugar or water. Pavy also 
speaks unfavourably of it.(f) I have tried it in seven cases ; 
in two it acted beneficially. In one of them, a case uf diabetes 
from malassimilation, 5J6s. of the peroxide t.i.d., reduced the 
quail&ty of urine from 80 to 50 ozs. ; the patient, aged 47, 
being on ordinary diet. In six weeks he was so much 
better as to be able to return to India, and resume his duties 
as judge. The bromide of potassium, as well as of iron, is 
exceedingly useful in cases of cerebral diabetes, and act 

(a) Ameriean Med. Jour., January, 1857. (b) Oat. Med. de Paris, No. 31, 
1861. (c) Med. Times and &a2.,*Noveinber 9, 1861. (d) Lancet, 12th 
January, 1868, and 20th March, 1869. (e) Lancet, 20th March, 1869. 
(f) Lancet, 18th March, 1869. 
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better still when they are combined with a little opium or 
hydrocyanic acid, as the requirements of the case may be. 
Codeine, Payy says, is useful, but I consider its effects fm 
inferior to those of crude opium. In one case, 2 4 grs. had been 
taken, three times a day for nearly four months, and the 
patient (a lady aged 40) at the time she consulted me, was 
scarcely able to walk across the room. I at once put her on 
the bromide of potassium treatment, and she rallied (sufficiently 
to be able to walk in her garden. The improYement was, 
however, of short duration, for, as I afterwards learned, she 
died at Margate where she had gone fof change of air. The 
phosphatic salts of ammonia and alkalies, with limited restric- 
tion of diet, has been found useful by Basham.(a) Chloral 
hydrate I tried in three cases during 1870, but without any 
decided benefit. Lastly, a purely skim milk diet has been 
strongly recommended by Bonkin, but for remarks on this 
subject see page 345. 

From all this we draw the important lesson that the disease 
is in no case to be treated by name, but according to its special 
requirements. In concluding these remarks, I must again 
insist upon the necessity of attending to the three following 
aphorisms : — 

1. In treating cases arising from defective assimilation by 
restricted diet, although the amount of sugar eliminated may 
be reduced, we only hasten the termination it is our desire to 
avoid. ' 

2. In no case ought we to trust to the specific gravity S£ the 
urine alone as an index to the amount of sugar passed, for it 
is an untruthful guide. 

Lastly, we must always bear in mind that in cases of 
diabetes of the second class (defective tMaimilcUion) a decided 
and permanent improvement in the health of the patient is 
not inconsistent with a temporary rise in the elimination of 
sugar. 

(a) Lancet, 10th April, 1869. 
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LECTURE XI. 

ALBUMINURIA WITH AND WITHOUT DROPSY, IN CONNEXION 
WITH BRIGHT'S DISEASE, HEART AND LIVER DISEASE, 
PREGNANCY, FEVERS, ETC.— ITS CHEMISTRY, PHYSIOLOGY, 
PATHOLOGY, AND TREATMENT. 

Chemistry. 

As urine containing albumen may be either acid, neutral, or 
alkaline, the most common, and, at the same time, the best, 
method for detecting this substance is to employ heat and 
nitric acid, at first separately, afterwards combined. In doing 
BO, a drachm of urine is put into a test-tube, and boiled. 
Should the liquid thereby become turbid, albumen is most 
probably present, but not necessarily so. To decide this 
point, therefore, a few drops of nitric acid are added ; and 
should the turbidity caused by boiling be increased rather 
than diminished on the addition of the acid, it is due to the 
coagulation of albumen. If, on the other hand, the turbidity 
either .wholly or in part disappears, it has, in all probability, 
been due to the precipitation of some earthy phosphates or 
carbonates, — two inorganic substances which are often mis-> 
taken for albumen, in consequence of their being readily pre- 
cipitated from neutral or semi-alkaline urine by heat. The 
nitric acid re-dissolyes both of these precipitates, the phos« 
phatic without, the carbonatic with, efiTervescence. Although 
nitric acid precipitates albumen from urine without the aid of 
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heat, it must never be used alone ; for when employed per «e, 
it is a most fallacious test, in consequence of its giving an 
amorphous precipitate of uric acid in urine containing a great 
excess of urates, and a crystalline one of the nitrate of urea in. 
urine loaded with that substance. The uric acid precipitate 
is frequently, the nitrate of urea precipitate rarely, mistaken 
for albumen. The application of heat in either case removes 
the difficulty by dissolving the precipitate, and enabling the 
substance to reassume its characteristic crystalline form during 
the cooling process. 

In consequence of the above-mentioned source of fallacy in 
testing for albumen with nitric acid, some authors recommend 
the substitution of acetic acid ; but it, too, has its drawbacks, 
for acetic acid throws down a precipitate of cystin when that 
substance exists in quantity in human urine ; and if uric acid 
be in great excess, acetic acid is even sufficient to precipitate 
it. The microscopic examination of the deposit in all cases of 
doubt allows of its true nature being ascertained. 

In testing human urine for albumen there is yet, unfortu- 
nately, another source of error — ^namely, the possibility of 
overlooking its existence when it is actually present. This 
may arise from two causes ; one being the nature of the albu- 
men, the other the condition of the urine. 

In afterwards speaking of its physiology, it will be shown 
that one particular kind of albumen is a normal constituent 
of healthy urine, but as that variety of the substance is neither 
coagulable by heat, nor precipitable by nitric acid, we have 
nothing to do with it at present. "What I now allude to, is 
the fact, that in the urine of disease albumen may exist, and 
yet escape detection, unless certain precautions be employed 
in order to ensure success. 

In the first place, in alkaline urine a small quantity of albu- 
men is not coagulable by heat ; hence the necessity of always 
adding acid in order to avoid this source of error. 
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In the second place, some varieties of abnormal albumen 
are not coagulated by heat when only a little nitric acid is 
added, the addition of an excess being requisite to ensure 
the precipitation. On the other hand, another less common 
kind is occasionally met with where a great excess of acid re- 
dissolves the coagulum. 

If, then, we wish to avoid these sources of error, when a 
discrepancy seems likely to arise, we must test repeated por- 
tions of the urine with different quantities of acid— say, with 
five, fifteen, and thirty drops of nitric acid to the drachm of 
urine. Thus, and thus only, are mistakes likely to be avoided. 

There are still other reagents the employment of which in 
cases of doubt is attended with advantage. Such, for example, 
as absolute alcohol, chloroform, tannic acid, alum, acetate of 
lead, bichloride of mercury, and a variety of other solutions of 
the mineral salts— almost all of which precipitate albumen. 
None of these are, however, in experienced hands, at all to be 
compared, in point of accuracy, with heat and nitric acid. 

The effect of the presence of sugar in causing albuminous 
urine to give a fine mauve colour with the sulphate of copper 
and potash has already been pointed out. 

Specific Gravity, — It is generally stated that the specific 
gravity of albuminous urine is very low. But this is by no 
means invariably the case. In fact, it only holds good with 
one form of albuminuria, namely, that consequent upon struc- 
tural change in the kidneys. A low specific gravity, there- 
fore, aids in distinguishing that firom the numerous other 
forms of albuminuria, in some of which I have met with it as 
high as 1032, or even 1035. These, however, were quite 
exceptional cases — the former being one of intermittent 
hsematuria, the latter due to the co-existence of diabetes. In 
what is commonly called Bright's disease, the specific gravity 
ranges between 1005 and 1014. The usual average being 
1010 — 12. In the other forms of albuminuria the specific 
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gravity of the urine has no limit, it may be as low as 1005, or, 
as just said, as high, as 1035. 

The reason why the urine in certain cases of kidney disease 
has such a low specific gravity, is on account of the disorganised 
renal tubes being incapable of eliminating the urea and other 
urinary crystalloids. The lower, therefore, the specific gravity 
in these affections, the more dangerous is the case. 

Quantitative Analysis, — In all cases of albuminuria a quan- 
titative analysis is an invaluable aid to prognosis and treat* 
ment. It is best done by measuring off 50 c.c. (about two 
ounces; from the twenty-four, or, better still, from the forty- 
eight hours' urine of the patient, and adding it drop by drop 
to a couple of oimces of boiling distilled water acidulated 
with acetic acid. The capsule should be placed over the 
spirit-lamp, and its contents kept boiling vigorously the whole 
time the urine is being added. A drop or two of acetic acid 
should occasionally, during the process, be allowed to fall 
into the boiling mixture, in order to ensure its being always 
faintly acid. When the coagulation of the albumen is com- 
pleted, the capsule is to be put aside, to allow of the coagtda 
falling to the bottom of the vessel, and thereby facilitating the 
next stage of the process, which is the collection of theprecipitate 
on a filter and thoroughly wash it with distilled water. After 
this, while still moist, the albumen is to be transferred to a 
watch-glass, dried, and weighed. The weight of the dried 
albumen represents, of course, the quantity in 50 c.c. (about 
two ounces) of the patient's urine. 

The calculation for the twenty-four hours' urine is then 

simple enough. Suppose, for example, the quantity of urine 

passed be 1500 c.c, and the weight of dried albumen 0*2 

grammes, then 

0*2 x 1500 

= 6 grammes of albumen in the twenty-four hours. 

50 

The quantity of albumen passed varies considerably in diffe- 
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rent caseB, at different times, and in different forms of the 
disease. It may be from 1 to 2 grammes (16 to 30 grains) 
only, or it may amount to from 20 to 30 grammes (300 to 500 
grains) in the twenty-four hours. In average cases the amount 
leaves about 10 grammes (150 grains) daily. 

To follow the above method time and apparatus are alike 
requisite. By those, therefore, who have neither the one nor 
the other at their disposal, the following mode of procedure 
may be adopted ; it may be called the " rough and ready 
method," and, although far inferior to the other, is yet much, 
better than none at all : — ^Take the twenty-four hours' urine of 
the patient and dilute it till it measures 3000 c.c. (100 
ounces). (a) Then, to two drachms of this diluted urine, in a 
test-tube, add ten drops of nitric acid, either after or before 
coagulation by boiling. When this is accomplished, place the 
tube aside imtil the precipitate is all deposited. The amount 
of coagulum yielded daily gives a rough relative approxima- 
tion of the quantity of albumen passed, and by preserving the 
test-tubes, and comparing their contents from day to day, a 
tolerably fair idea of the progress of the case may be obtained. 

In these cases, in consequence of the dilution of the urine, 
the coagulum seldom looks to be much. Having now not only 
ascertained that the urine of the patient is albximinous, but 
even the amoimt of coagulable matter passed, we are still 
but on the threshold of our diagnosis. The source and cause 
of the presence of the protein substance has yet to be dis- 
covered. 

The coagulable matter found in the urine may have come 
directly from the serum of the blood, as in Bright's disease ; 
it may be the result of a lesion of the kidney, as in renal cal- 
culus ; it may be the product of inflammatory action, as in 



(a) The amount of dilution is immaterial so long as it Is always the 
same. Few patients pass more than 100 ounces of urine in the twenty- 
four hours ; hence, I have made it the standard of comparison. 
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cystitis, or the secondary result of a variety of affections quite 
independent of renal disease. Many things have therefore 
to be taken into account ere we can arrive at a correct diag- 
nosis even in a case of albuminuria. Before touching upon 
them, however, I must first say a few words regarding the 
physiology of our subject. 

Physiology. 

In studying albuminuria, it is well to bear in mind that the 
presence of albumen in the blood is a normal condition, while 
its existence in the urine is always abnormal. When I say 
the existence of albumen in the urine is abnormal, I mean of 
a kind and in a quantity sufficient to be detectable by heat 
and nitric acid. There is always albumen in healthy urine, 
but like the albumen found in the stomach, after being acted 
upon by the gastric juice, it is neither coagulable by heat, nor 
precipitable by nitric acid. I believe it, in fact, to be the effete 
albumen of our blood, excreted like urea or any of the other 
products of tissue metamorphosis. 

Gigon was the first to call attention to the presence in 
healthy human urine of a substance coagulable by chloro- 
form. He thought it was ordinary albumen, and that it had 
been previously overlooked in consequence of the tests not being 
sufficiently delicate for its detection. This, however, can 
scarcely be the case, seeing that we pass on an average 2*6 
grammes (40*3 grains), in the twenty-four hours of this coagu- 
lable matter. Becquerel (a) says the substance described by 
Gigon(b) is simply mucus ; but this cannot be the case, as Gigon 
finds that chloroform gives a precipitate when shaken with 
urine firom which all the mucus has been removed. He has 
even shown that the same thing occurs in urine taken direct 

(a) Comptes BendiUf Nov. 21, 1857. 

(b) UnUm Med. de ParU^ No. 12, 1858. 
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from the pelvis of the kidney, in which there is no mucus. 
Moreover, if the chloroform precipitate be collected, dried, 
and redissolved in acetic acid, it gives with ferrocyanide of 
potassium the reactions of albumen. In experimenting on 
this subject I found that absolute alcohol is even a better 
agent than chloroform, by which to extract this albumen from 
the urine, and by its means I was enabled to confirm Gigon's 
statement regarding the presence of albumen in urine devoid 
of mucus. The conclusion, however, which I arrived at was, 
as before said, that this albumen is not like that met with in 
the urine of disease, but like the albumen which after having 
imdergone the modifying action of the gastric juice, is neither 
coagulable by heat nor nitric acid. 

Experiments on animals have shown that imless the albu- 
men of our food has been properly modified during the 
digestive process, it cannot be assimilated by the tissues, 
but acts in the blood like a foreign material, and is as such 
eliminated by the kidneys. Thus, for example, it has been 
found that when the albumen of the hen's egg is injected into 
the blood of dogs, it does not become incorporated with the 
tissues, but is rapidly thrown off along with the urine; 
whereas if the same albumen be put into the animal's 
stomach, and digested ere it enters the circulation, it is 
assimilated, and, consequently, does not appear in the urine 
in the shape of albumen coagulable by heat and nitric acid. 
This physiological fact gives us a clue to the well-known 
circumstance that temporary albuminuria often follows upon 
disordered stomachal digestion. Stomachal digestion being 
not only a dissolving, but a transforming process, we can 
readily Understand how, when this transforming process is 
interrupted, either in consequence of the unsuitable quality 
of the food, or of some derangement of the dtgestive system, 
albumen may be absorbed into the circulation, not sufficiently 
changed to enable it to become incorporated with the frame, 

u 
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and therefore, as in the case of the dog, appear in the 
urine. 

There can be no doubt that the albumen found in albu- 
minuria is not always in the same form. The mere fact, 
already alluded to when on the chemistry of the subject, of 
its occasional capricious behaviour towards heat and nitric 
acid is suf&cient to prove this. There can be no doubt that even 
the urine itself has a powerful effect in modifying the reactions 
of albumen. Mr. Alfred H. Smee (a) has shown that while a 
current of oxygen gas passed through ordinary albumen, or 
albumen from the fluid of a spina bifida, at the temperature 
of the human body (98° F.) transforms a certain amount of it 
into fibrin, the same gas fails to produce any such result when 
passed through albuminous urine, even when the albumen 
is in so large a quantity as almost to solidify the entire urine 
when boiled. 

Albuminuria may be produced by the physiologist artifi- 
cially in animals by a variety of operative procedures. Section 
of the renal nerves in rabbits produces albuminuria (Michel). 
Division of the cerebral peduncles (Schiff ) as w^ell as section 
of the fifth pair of nerves within the cranium, is followed by 
a like result. Section of the spinal cord in the dorsal region 
of dogs I have found to be followed in the course of a few 
hours by albuminuria ; and all experimental physiologists are 
aware that puncturing the calamus scriptorius of rabbits, often 
times causes the urine to become highly albuminous. It has 
frequently happened to me also to bring on an albuminuria in 
animals, into whose portal circulation I had injected stimulants, 
for the purpose of rendering their urine saccharine. 

In all these cases the albuminuria is most probably the 
result of the congestion of the kidneys, which almost invari- 
ably, to a greater or less degree, follows upon the above men- 
tioned operative procedures. 

»■ ' ■ ■■ — - - "< — ■ — ■ — — « ■-■- ■ ■ ■ -■ .1 — ■■■■ — ■ — -,- - ,^ ■ li.— — I 

(a) Proc. Royal Society, June 16, 1864. 
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Pathology. 

Since the introductioii of the improyed methods of chemical 
and microscopical investigation, the subject of albuminuria 
has undergone an entire revolution, and the time may now be 
said to have arrived when a philosophical arrangement of the 
different pathological conditions giving rise to it is not only 
desirable, but absolutely necessary. To grapple with precon- 
ceived notions, trample upon cherished theories, re-arrange 
data, and promulgate new principles, is, no doubt, a task not 
to be entered upon without serious consideration. Neverthe- 
less, as we all know, if Medicine is ever to take her place 
among the exact sciences, some one of her votaries must gird 
on his armour, and boldly run the risk of obloquy in attacking 
old dogmas. While waiting the advent of a more able expo- 
nent, I shall, trusting to the support of the emancipated among 
my brethren, attempt to handle the subject of albuminuria in 
a manner similar to that in which I have elsewhere treated 
jaundice. 

Unfortunately, however, at the very outset, there is an 
important difficulty to be overcome as regards the meaning 
which should be attached to a well-known title of Kidney 
disease. The united labours of Basham, Johnson, Christir 
son, Yirchow, Parkes, Bennett, Goodfellow, Begbie, Aitken, 
Quain, Stewart, Dickinson, Wilks, and others have shown 
that the term ** Bright's disease " is at present indiscrir 
minately applied to widely- differing pathological conditions, 
such as nephritis, cirrhosis, fieitty and waxy degeneration 
of the kidneys, etc.,— zenal affections which have no clinical 
connexion beyond what they derive from the associated 
symptoms of albuminuria and dropsy. If we desire to keep 
pace with the progressive advance of science,, it is absop 
lutely necessary for us either to limit the term **Bright*s 
disease " to one particulax fonn of renal affection, accompanied 
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with albuminuria and dropsy, or to abandon it altogether. 
The latter alternative I am in no wise inclined to adopt, for 
the name of the man who first discovered the connexion 
of dropsy, albuminuria, and renal disease is, I opine, well 
deserving of being handed dovtm to all time. I therefore would 
venture to propose that' the name of Bright be perpetuated by- 
associating it with that form of disease which is not only the 
one most frequently met with, but also that with which Dr. 
Bright was most familiar, namely, the albuminuria of nephritis. 
By so doing, we shall not only be enabled to make a philoso- 
phical arrangement of the different morbid states upon which 
albimiinuria depends, but at the same time render justice to 
an honoured and deserving memory. 

In studying albuminuria, there are two things that must 
always be borne in mind : first, that there are certain forms of 
albuminuria with dropsy, and certain forms without it ; and, 
secondly, that all cases of permanent albuminuria are, in the 
long run, always associated vrith an organic change of struc- 
ture in the tissues of the kidneys, and that even in those cases 
in which the renal organs were not primarily at fault, as, for 
example, when the albuminuria springs originally from passive 
portal congestion induced by heart or liver disease, paraplegia 
or hemiplegia. Contrary to what some authors affirm, I assert 
that permanent albuminuria is in all cases the result, and not 
the cause of renal derangement, just in the same way as pus 
is the resuU not the cause of an abscess. And just as an 
abscess may be due to a great variety of causes, so may renal 
derangement originate in a number of different morbid con- 
ditions — some constitutional, some local. When Johnson, 
Walsh, Aitken, and other authorities, say that the textural 
changes in the structure of the kidneys are only the local 
expression of the constitutional disorder, as suppuration in a 
gland may be but the local expression of constitutional struma, 
I perfectly agree with them ; but when they go so far as to 
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say that the excretion of albumen by the kidneys is due to a 
constitutional cause, and not to a ocal structural change, 1 
beg to differ from them in tote, 'Tis true that in a limited 
number of cases of albuminous urine the healthy kidney is 
only eliminating a foreign material, for, as already shown in 
the physiological part, when mal-digested albumen enters the 
blood, the tissues of the body being unable to assimilate it, 
the renal organs are forced to excrete this form of albumen as 
they would any other noxious material ; but these cases are 
not only few in number^ but have no similarity whatever with 
the pathology of the ordinary forms of permanent albuminuria. 
So small, indeed, is the proportion of cases of permanent albu- 
minuria in which the primary cause cannot be directly traced 
to the kidney itself, that they do not even, as a whole, amount, 
I believe, to more than 20 per cent. 

With these few remarks as a proviso, I may at once enter 
upon my task, and as the great art in explaining a difficult 
subject is to use as few and as simple words as possible, I shall 
venture to put my views of the pathology of albuminuria, as 
I did those of jaundice, into a tabular form, (a) It must be 
borne in mind, however, that as all diagrammatic classifieations 
labour under the disadvantage of being more or less arbitrary, 
it will be necessary, in order that the views of the pathology of 
albuminuria here enunciated be thoroughly understood, that 
the chemistry and physiology of the subject be previously 
studied. Moreover^ if the subjoined table is to be turned 
to practical as well as theoretical account, the explanations to 
be subsequently given of the different forms of albuminuria, 
as met with at the bedside, must be carefully considered. 

(a) Vide page 132 of the author on " The Pathology and Treatment 
of Jaundice." 
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With the albumen present in the urine of health we have 
now nothing to do, so I at once pass to the consideration of 
the first great class, namely, that form of the affection in 
which the cause of the albuminuria is to be found in the 
kidney itself. 

PRIMABT ALBUMINU&IJL. 

As indicated in the diagram, primary albuminuria naturally 
divides itself into two i» ell-marked varieties — a temporary and 
a permanent variety — the former being by far the most com- 
mon, the latter the most dangerous. JSach of these will now 
be specially and separately considered. 

Bright* 8 Disease. — The pathology of this temporary form of 
primary albuminuria is simple enough, and may be summed 
up in one word^namely, ** nephritis ; " for, be the exciting 
c luse what it may, the immediate cause of the albumen in the 
urine ii an engorged or an inflamed condition of the kidney. 
Thus, for example, it may be the result of direct injury to the 
loias, (T arise from an attack of cold, either in a perfectly 
healthy individual or in one rendered abnormally susceptible 
to the affection by intemperance or other debilitating cause ; 
and lastly it may follow upon scarlatina, in consequence of 
the kidneys having an excess of work precipitately thrown 
upon them by a sudden cheek being given to cutaneous 
exhalation. The diagnosis of the nephritic form of albumin- 
uria, which is almost always acute and curable, is in general 
easy ; for, besides the history of the case, we have a most 
important guide in the condition of the urine. 

Should the nephritis be the result of injury, the case is clear 
enough, for pain in the loins, the albuminous urine, and the 
dropsy will be found to follow in its immediate wake. On 
the other hand, when the disease is the result of cold and wet, 
it is sometimes so insidious in its march as to give no indica- 
tion of its presence until the existence of dropsy attracts the 
attention of the patient. In the most common of this class of 
cases, however^ the general history is, that after exposure to 
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cold the patient suffers more or less malaise ; is chilly and 
feverish, occasionally even shiyering ; has pain in the lumbar 
region, with scanty and high-coloured urine ; next a puffiness 
is noticed under the eyes, the feet begin to swell, and the 
belly is observed to be enlarged. Should the attack be a severe 
one, not only do the limbs become decidedly oedematous, but 
the abdomen gets so filled with fluid that the patient is unable 
to wear his ordinary clothes. All this may occur in a very 
few days, and 'vAat is still more alarming to the patient and 
his Mends is, that the effusion does not always stop here, but 
continues rapidly to extend until the whole trunk and upper 
extremities are included in one general anasarca. Before 
this time, however. Medical aid is generally sought, and the 
progress of the dropsy thereby arrested. In men, I have occa- 
sionally observed that one of the most distressing results of 
the effusion has been an excessive oedema of the genital organs, 
the prepuce becoming, in some cases, so enlarged and distorted 
as to obstruct micturition. At other times the liquid is chiefly 
diffused into the cellular tissue of the scrotum, giving to it the 
appearance of an immense scrotal hernia. In the spring of 
1864 a little boy, aged 8 years, was brought to me at Univer- 
sity College Hospital with the cellular tissue of his scrotum 
so distended with fluid that it was nearly as large as his 
head, the tense skin being at the same time so bright and 
glistening, and the effusion so transparent, that most of the 
students took it for an enormous hydrocele. As I pointed out 
to them, however, the diagnosis between these cases and 
hydrocele is very easy ; for in the one case the fluid is in the 
subcutaneous cellular tissue only, and consequently the skin 
retains the impress of the flnger ; while in the other, the fluid 
contained within the fibrous tunica vaginalis, prevents the reten- 
tion by the tissues of the impress of pressure, however firmly it 
may have been applied. It has been hinted that we frequently 
meet with cases of Bright' s diseases with very little or no pain. 
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or even malaifle. I may now add that we occasionally 
encounter others in which the cedema, especially at first, is so 
trifling that it would fail to awaken alarm in the patient, were 
it not accompanied with considerable discomfort, and scanty 
and high-coloured urine. The smoky, red, or bloody-looking 
urine at the same time generally yields a copious dark- 
coloured deposit on standing, which further aids in arousing 
the suspicions of the patient, which suspicions the Medical 
attendant is able, by the aid of a little nitriq^udd and heat, at 
once either to confirm or dispel. To diagnose the case pro- 
perly, however, it is not alone sufficient to prove the existence 
of albuminuria ; for that, as seen in the table, may occur 
under a great variety of circumstances, and even when the 
urine is so loaded with albumen afi to allow of its being trans- 
formed into a solid mass— so solid that the tube may be in- 
verted without danger of any falling out — we are still unable 
to certify to the existence of renal disease until we have 
called the microscope to our aid. If the case be one of Bright's 
disease, in the urinary sediment will be found blood corpuscles, 
epithelium scales, renal tube casts with their epithelial lining, 
amorphous urates, and, perhaps, even crystals of uric acid or 
oxalate of lime. 
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Fig. 1. 




There are two points to which I must here direct special 
attention, otherwise difficulties which need not exist may 
come in the way of beginners. In the first place, it occa- 
sionally happens that a number of granular cells are found in 
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the field which look very like pus corpuscles (Fig. 2). They 
are bigger than the red blood cells, and 
smaller than the epithelium. These, in the 
majority of instances, are simply white blood 
corpuscles, and are most numerous after meals. 
In some few cases, when the nephritis is accom- 
panied by vesical catarrh, mucus cells are like- 
wise abundant. In others, again (as in that of 
a child aged 3 ytars, four weeks after scarlatina 
and fourteen days after the first appearance of the dropsy 
began) the white blood corpuscles are actually more numerous 
than the red. This, however, is rare, for during fifteen years' 
special observation I have only once met with it. The in- 
crease in the number of white corpuscles after food is common 
enough, and is readily accounted for on physiological groundfl, 
it being now an admitted fact that after every meal a large 
excess of white corpuscles are poured into the circulation. 

The second source of difficulty to the beginner consists in 
the fact that in some instances the blood corpuscles appear 
nucleated. A remarkable case of i? 9 

this kind fell under my notice in 
June, 1869, the patient, a man /-^ q j^ 

aged 32, being at the time under ^^-^ jr-' ^ 

the care of my colleague Professor ^ O (J) 

Hare. The albumen in the urine @ (^ ^ 

had begim to diminish, the tube /^n r^ 

casts and free epithelium to dis- 
appear, when the red corpuscles were noticed to have the 
appearance presented at Fig. 3. 

Some of the corpuscles possessed one, others two perfectly 
distinct maculae. By slightly altering the focus of the lens a 
halo became apparent round each macula, which then assumed 
the characters of a black spot in the centre of a bright ring. 
It was further observed that the spot was not in the interior 
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of the corpuscle, but only imbedded in its cell-wall, the 
appearance of its being in the centre of the corpuscle arising 
simply from the position in which the cells happened to be 
Tiewed. In many of the discs the spot was seen, as in the 
figure, to project beyond the cell- wall, thereby carrying, as it 
were, the latter with it. This irregularity in the form of the 
blood corpuscles I have seen still better marked in a case of 
hematuria. Some looked exactly like the developing nucle- 
ated blood corpuscles of the human embryo. 

The peculiar appearances above described, which may prove 
so puzzling to the beginner, are due to the action of the saline 
urine upon perfectly normal blood cells. In 1860 Dr. Addi- 
son showed that sherry wine in certain proportions induced 
projections from the walls of blood discs, and in 1863 Dr. 
Koberts threw additional light upon the subject, by discover- 
ing that solutions of tannic acid and magenta bring into view 
a vesicle in the cell-wall of nucleated, as well as non-nucle- 
ated blood corpuscles. The inner vesicle being analogous, he 
thinks, to the primordial utricle of vegetable cells, (a) 

Till now I have spoken of Bright's disease as it affects both 
kidnevs simultaneously, . but it occasionally, though much 
more rarely, happens that it only attacks one, and in this case 
there is albuminuria, and all the microscopic appearances 
already described, but no dropsy » Anasarca, in fact, only 
makes its appearance when not alone both, but the whole of 
both kidneys are so much affected as to be unable to excrete 
the urinary products. So long as one kidney remains healthy, 
these manage to escape from, the circulation, and dropsy does 
not appear. This, indeed, is, I believe, the true explanation 
of the occurrence of those cases of Bright*s disease without 
dropsy which have hitherto been considered so anomalous. 
Having diagnosed the case properly, the next thing is to watch 
its course, and try and guide it to a successful termination. 

(a) ProceedinffB of the Royal Society, 1863. 
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The progress of the disease is best learned from the condition 
of the urine. 

The first sign of improvement is a diminution in the number 
of the blood corpuscles ; the second, an increased elimination 
of urine, which is soon followed by a decrease of the dropsy. 
The quantity of urine daily voided after the first stage of the 
attack has passed is sometimes very large, being far beyond 
the normal standard. Occasionally, the twenty-four hours' 
urine of a patient in the second stage of Bright's disease will 
amount to something above 3000 c.c. (more than 100 ounces). 
And, what is still more important, is the fact that with this 
excessive elimination of water, there is often a corresponding 
excessive elimination of the organic and inorganic salts. 
Luckily for the patient it is so, it being this accumulation in 
the blood of these excrementitious products which in general 
is the immediate cause of a fatal termination. In one case, 
three weeks after the commencement of the attack, or, I 
should rather say, of the onset of the dropsy — for it was the 
first thing the patient observed— Mr. Alexander Bruce, my 
former assistant, found that the patient — a young 'woman, 
aged 29, — passed the following quantity and quality of urine : — 
Water . . . 2525 c.c. ss (81 ^ ounces.) 

1012 

25*25 grammes ss 391*37 grains. 
0-233 ,. = 3-6 



Specific gravity 
Urea 

Uric acid . 
Phosphoric acid 



8-837 „ =137-0 „ 
And this, too, be it remembered, when the patient was taking 
very little food. As a case goes on improving the albumen 
diminishes, the specific gravity of the urine rises, and the tube- 
casts disappear. 

Should, unfortunately, the affection resist the action of 
remedies, and run on to a fatal termination, which is rather 
the exception than the rule, the kidneys will be fo\md enlarged, 
congested, sometimes softened, and always readily denuded of 
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their capsules ; but the capsule often has portions of the 
cortical substance adhering to it. They may weigh in very 
bad cases as much as twice the normal amount (which is about 
10 ounces for the two). When examined microscopically, 
small irregular punctiform extravasations will be found scat- 
tered among the urine tubes. As regards the urine tubes 
themselves, some will be found entirely denuded of their 
epithelial lining, others distended and blocked up with detached 
epithelial cells, blood corpuscles, and amorphous granular 
matter, giving to them a well-marked dark outline, readily 
recognisable both in longitudinal and transverse sections. 

The treatment of cases of Bright's disease will be considered 
after the other varieties of albuminuria have been explained. 
Meanwhile, it may only be remarked that the form of Bright's 
disease here described is one of the most amenable to treat- 
ment of all renal affections. 

We now pass to the consideration of the permanent variety 
of primary albuminuria^ which is, as shown in the table, met 
with in the following morbid conditions of the kidney : — 
Chronic hypertrophy, fatty, waxy, cirrhosis, tuberculous, 
scrofulous, and cancerous degeneration. 

The chronically enlarged kidney, which is by far the most 
common accompaniment of permanent albuminuria, is in 
general the result of repeated attacks of inflammatory action 
(Bright*s disease). It is likewise the ultimate product of 
prolonged passive renal action, such as arises from cardiac and 
hepatic disease. Besides this, however, all constitutional as 
well as local affections (fevers, tumours, calculi, etc.) which 
produce congestion of the kidneys may be said to pre-dispose 
to their permanent hypertrophy. 

The simply hypertrophied kidney is exceedingly difficult 
to diagnose during life from the circumstance that so long as 
the enlarged organ remains in a quiescent state — that is to 
say, in an uncongested condition, or is not the seat of any 



HYPEBTROPHT OF KIDNEY. 903 

acute inflammatory attack — ^there are no symptoms sufficiently 
characteristic to admit of its ready detection, for the urinary 
secretion may be copious, normal in colour and specific gravity, 
as well as entirely free from any deposit ; so that unless some 
accidental circumstance directs the attention of the Physician to 
the kidneys, the existence of albuminuria may be readily over- 
looked. Even the oedema of the ankles is often in such cases 
so trifling as to escape the notice of both patient and Medical 
attendant, until some slight attack of renal congestion specially 
calls attention to the state of the kidneys and their secretion. 

Regarding the morbid anatomical condition presented by 
the hypertrophied kidney, little need be said, for, except being 
much beyond the usual size, it looks to the naked eye exactly 
like a normal kidney. At least, this is the condition met 
with when the patient is suddenly cut off by some other 
disease. In other cases, again, the hypertrophied kidney is 
found engorged with blood, softened, and friable, in conse- 
quence of its being, or having recently been, the seat of an 
acute inflammatory attack. It is, indeed, surprising how 
prone the enlarged kidney appears to become congested, and 
even excessively so, without any very apparent cause. 

When in a congested state it pours out large quantities of 
albumen, blood corpuscles, and epithelial tube casts. The urine 
at the same time becomes scanty and high coloured, the feet 
and legs rapidly increase in diameter, and the patient presents 
all the appearances of a well-marked case of Bright's disease. 

Moreover, the hypertrophied kidney is frequently the pre- 
cursor of both the fatty and the waxy forms of degeneration, 
and the almost invariable forerunner, I believe, of the cirrhosed 
state of the organ. 

Faity Degeneration, — Although the fatty form of kidney is 
frequently the result of chronic inflammation, it may occur 
quite independently of it, just as we flnd fatty degeneration 
arising from constitutional causes in other organs of the body. 
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Hence we ottea find tliat fatty kidne? U the accompuument 
of phthisis, ot heart disease, of fatty liver, etc. 

Its most characteristic s jmptoms sie permanent albuminuria 
and dropaj, but as in the earl; stage of the attsck it is impos- 
sible to say whether the albuminuria ia to be persistent or not, 
these symptoms of themselves leach us but little. It is to the 
microscopic condition of the urine that we have to look for 
fiirtherinformation,and, fortunately, we need not look in vain, 
as a peculiar form of sediment not onlj' reveals to us the nature 
of the pathological lesion, but even indicates the stage of the 
renal disorganisation. In the first place, the presence of oil 
globules in the tube-casts, and in the free epithelium, tells us 
that the albuminuria is the product of a kidney in a state of 
fotty degeneration; while, secondly, the amount of the oU 
globules and the quantity of albumen, together with the special 
character of the tube-casts present in the Huid, indicate the 
eiact stage of the affection. Lastly, the supervention of an 
acute inflammatory attack upon a fatty kidney is at once 
made manifest by the existence of blood corpuscles in the urine, 
in addition to the presence of oily tube-casts and epithelium. 
Fio. i. The accompanying drawing, 

which was kindly made for me 
by my former pupil, Mr. Ed. 
De Morgan, ia a very faithful 
illustration of the condition of 
the tube-casts and epithelium 
met with in coses of fatty de- 
generation of the kidneys. The 
history of the case from which 
this drawing was taken is 
brieUy as follows ; — 

A labourer, aged 36, was ad- 
mitted into University College 
Hospital under mj care, on October 4, 1884. He scknow- 
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ledged to have been a yery intemperate man, but stated that 
he had, neyertheless, generally ei^oyed good health. He 
oould give no very definite account regarding the commence- 
ment of his illness, except that he noticed his legs first begin 
to swell about three months before his admission, from which 
time his health had gradually failed. There was no account 
of his having at any time had an acute attack of nephritis, nor 
of his present illness having been due to exposure to cold or 
wet. On admission, the legs and abdominal walls were ex* 
ceedingly cedematous, but the face was only slightly puffy, and 
there was no aneemia to speak of. The urine was, however, 
highly albuminous, becoming almost solid on boiling. It was 
acid, contained oily tube-casts, and epithelium, as represented 
in the drawing ; but there were also a few blood corpuscles 
and granular casts scattered among them. The case was, 
therefore, at once diagnosed fatty degeneration of the kidney, 
with the supervention of an acute inflammatory attack. 

The patient continued much in the same state tillNovember 9, 
when erysipelas, excited by a sore on the face, set in, and from 
then till December 6 he lingered on, sometimes better, some- 
times worse, until he was suddenly seized with rigors and 
vomiting, followed by a worse outbreak of the erysipelas. He 
died on the 12th. The quantity of urine passed by this man 
varied from 70 to 116 ounces, and the specific gravity from 
1010 to 1015. 

On post-mortem examination made by one of my colleagues, 
the cortical substance of the kidneys was said to have ap- 
peared much increased in width, the line of demarcation 
between it and the pyramids being almost lost ; while under 
the microscope the substance of the kidney was described as 
being in a state of granular and fatty degeneration, much free 
fat being scattered in globules over the field. 

Where only one kidney is involved, fatty degeneration may 
run on to almost any extent, till at length the organ assumes 

X 
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almost the appearance of a fatty tumour. One such specimen 
has at least been brought under my observation. The case 
occurred in the practice of Dr. Hullett Browne. The patient 
was a boy, aged 11, who had for a considerable time suffered 
from renal calculus. At the post-mortem examination, the 
left kidney was found to be 6^ by 3 J inches in diameter, and 
so completely transformed into adipose tissue that only a mere 
trace of renal structure could be detected in the centre of the 
mass, faintly indicating, as it were, the outline of the original 
kidney. The right kidney was much enlarged, congested, 
soft, and friable. This was not, of course, an ordinary case 
of fatty renal disease ; but I quote it merely to show to what 
extent fatty degeneration of the kidney may proceed. If both 
kidneys are equally affected, death would, of course, inevit- 
ably ensue long before the degeneration could extend to any- 
thing like the stage here indicated, (a) 

Between this and the healthy kidney there is every possible 
intervening grade of fatty degeneration. In the ordinary run 
of cases which terminate fatally, the kidney is found some- 
what increased in size, greasy to the touch, and pale in colour, 
the cortical and medullary substances having generally much 
of the same appearance, and are so blended together that it is 
often extremely difficult to point out where the one begins 
and the other ends. A scraping of either part placed in a 
drop of water and viewed with the microscope presents, in 
an exaggerated degree, the appearances delineated in the figure 
• -that is to say, the epithelium cells both in and out of the 
cubes are found loaded with oU globules. 

Waxy Kidney. — Although this form of renal degeneration 
is not so common as the fatty variety, it is tolerably often 
observed, and is usually associated with a similar degenera- 
tion in some of the other organs, more especially of the liver 

(a) The case is rei>orted in the Path. Soc. TVavu., vol xiii., p. 131. The 
specimen is in University College Museum ; No. 4720 of the catalogue. 
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and spleen. The waxy kidney is darker in colour than the 
fatty, and is easHy distinguished by its smooth texture and 
glistening waxy aspect. To the touch it is firm, being some- 
times indeed so hard as to take the impression of the nail 
without tearing. On section, the medullary and cortical 
substances are found to be blended together, and the mal- 
pighian bodies in the latter distinctly marked as translucent 
spots. The capsule is easily detached, and the surface beneath 
is smooth, pale, and slightly mottled with small rosettes of 
red vessels. The diagnosis of this form of renal disease during 
life is not so easy as that of the fatty variety ; still, howeyer, 
it can be accomplished by carefully examining the urine from 
day to day, when the detection of what are termed hyaline 
casts serve to indicate the pathological condition. The casts 
are often absent for two or three days at a time ; then for the 
next two or three days they may be present. The annexed 
figure, which was also made for me by Mr. De Morgan, indi- 
cates the appearance presented in the ordinary forms of hyaline 

casts. 

Fig. 6. 
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The patient who passed the casts from which the aboTe 
drawing was made was a woman, aged 30, with a well-marked 
S3rphilitic history (secondary eruption, sore throat, loss of hair, 
tibial nodes, etc.). She attributed her urinary symptoms to 
an attack of cold, which induced headache, thirst, shivering, 
pain in loins, scanty and high-coloured urine, with dropsy. 
This occurred several months before her admission into the 
Hospital. At the time the above represented casts were 
found there was still albimien in the urine, but comparatively 
little dropsy, the lower limbs only being oedematous, the face 
having quite a natural appearance. As the waxy is some- 
times associated with a partially fatty condition of kidney, it 
occasionally happens that both hyaline and oily casts are met 
with in the same patient's urine. This is always an unfavour- 
able complication. Hyaline casts alone, though generally 
indicating an advanced stage of disease, are by no means 
invariably indicative of immediate danger. The waxy form of 
degeneration is sometimes almost entirely limited toone kidney, 
or portion of a kidney, and however severely affected the part 
may be, it causes littie disturbance so long as the other kidney 
or portion of kidney, is healthy. With fatty kidney, on the 
other hand, it is usually the reverse. When once one part 
becomes affected the disease rapidly spreads ; and this seems 
to be especially the case when the tissues of the organs have 
already become weakened by the pre-existence of other disease. 

The waxy, like the fatty, kidney is prone to take on inflam- 
matory action, and although during the quiescent stage of the 
disease no blood corpuscles are to be foimd in the xirine, yet 
every slight attack of temporary renal congestion is apt to 
induce their appearance. 

When examining the urine in a case of waxy kidney, a few 
epithelial cells are occasionally to be found scattered over 
the field of the microscope ; but as all epithelial cells met vnth 
in the urine do not necessarily come from the diseased kidney, 
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care must always be taken not to fall into an error of diagnosis, 
bj mistaking urethral, bladder, or even yaginal epithelium, for 
renal. Renal epithelium, like the blood corpuscles, only 
appears in the urine of the waxy kidney, when an acute inflam- 
matory attack or temporary congestion has disturbed its 
circulation. Grainger Stewart thinks that blood from the 
waxy kidney generally contains an excess of white corpuscles, 
but this, I imagine, can only occur when the spleen is also 
affected. 

CtrrKoaed Kidney .^The kidney, like the liyer, after repeated 
attacks of inflammatory action is apt to become cirrhosed and 
atrophied. AU the three varieties of enlarged kidney — the 
chronically enlarged, the fatty, and the waxy ^ are liable after 
a time to shrink and assume a granidar appearance, but this 
is mve especially the case with the former. The capsule at 
the same time becomes thickened, and so adherent to the 
renal tissue, that when it is being detached it brings away 
with it portions of the cortical substance, thereby giving to 
the surface of the organ a very roughened appearance. In 
acute nephritis, as before said, little patches of kidney substance 
often adhere to the capsule when it is torn off, but in that 
case the kidney is larger and softer, while in this case it is 
smaller and harder than natural. Besides, it has not the 
same granular appearance on section. The cirrhosed kidney 
sometimes even looks fibrous, in consequence of the oblitera- 
tion of many of its tubes and blood-vessels. As the cirrhosed 
and atrophied kidney is also liable to attacks of inflammation, 
the appearances here described are not always those found 
after death, for the case often ends fatally during one of the 
inflammatory attacks, which of course considerably modifies 
the anatomical conditions. 

The process which leads to atrophy of the kidney is thought 
to be very slow ; some think it may extend over several years, 
but on this point I have not sufficient data at my disposal to 
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admit of my offering an opinion. The cirrhosed and atrophied 
kidney is by no means easily diagnosed during life, for some- 
times there is neither albumen nor tube-casts present in the 
urine during several days at a time, and then it is only the 
peculiar look, the pale, hydrsemic face, the bleached lips, and 
puffy eyelids, with diminished flow of urine, which lead us 
to suspect the existence of renal disease. As a rule, the urine 
is acid and scanty, both as regards the frequency of micturi- 
tion and the amoimt passed on each occasion. When tube- 
casts are detected they are usually small in size and some- 
what granular in appearance. Their semi-granular nature has, 
indeed, led me to the conclusion that their presence in the 
urine in such eases, is perhaps not so much due to the atrophy 
or cirrhosis of the organ, as to the existence of trifling tem- 
porary congestions, which though insignificant in themselveSy 
are nevertheless sufficient to disturb the balance of the circu- 
lation in an abnormally small <»rgan, which ev^i at the best of 
times has more work thrown upon it than it can well perform. 
The nature of the congestive granular tube-cast will be after- 
wards pointed out, when albuminuria arising from porta] 
congestion is considered. We must now pass on to albumin- 
uria arising from tuberculous, scrofulous, and cancerous de- 
generation of the kidney, regarding which I have only a few 
words to say at present, as their diagnosis and treatment 
come much better under the head of bloody and purulent 
urine. 

In tuberculoua, tcrojulous, and eancerou* degenerations of the 
kidney, the urine is coagulable by heat and nitric acid, not so 
much on account of the presence c^ ordinary albumen as in 
the preceding examples of disease, as from the existence in the 
urine of organised albumenoid elements — such as tubercle and 
pus cells, or blood and cancer corpuscles. In fact, in these 
diseases of the kidney, although the urine is both coagulable 
by heat and nitric acid, it is only when the other kinds of renal 
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disease, previously described, superyene in the course of tuber- 
culous, scrofulous, and cancerous degeneration, that the coagu- 
lability of the urine dare be said to depend upon the existence 
of albuminuria, or that the affection ought to be classified in 
the category now under consideration. 

Mr. Thomas Ballard has recorded(a) a yery interesting case of 
encephaloid cancer of the kidney, in which there was the com- 
plication just described — namely, permanently albuminous 
urine of low specific gravity, associated with malignant dis- 
ease of the kidney. These cases must, however, be rare. 
Before death, the lady, who lived to the age of 70, had frequent 
attacks of heematuria. 

It ought never to be forgotten that ordinary renal inflam- 
mation may, and does under certain circumstances, run on to 
suppuration ; but then, if the Medical attendant has carefully 
watched the progress of his patient by a diurnal microscopical 
and chemical examination of the urine, the case is easily 
enough distinguished from one of tuberculous or scrofulous 
degeneration, — ^for in the former case the appearance of pus 
corpuscles in the urine has been preceded by blood corpuscles 
renal tube-casts, and exudation cells ; while in the latter the 
pus corpuscles have slowly and insidiously made their appear- 
ance independently of any inflammatory action. According 
to Basham, who is a good authority on such subjects, another 
of the peculiarities of nephritis ending in suppuration is the 
absence of dropsy. The existence of gravel or stone in an in- 
flamed kidney is always a powerful provocative of suppuration 
but here, also, we have the previous symptoms of the case to 
guide us to a correct diagnosis. 

Before quitting this subject, I should like to remark that the 
exact converse of what we have been describing occasionaUj 
occurs — ^namely, that a kidney, the seat of tuberculous, 

» 

(a) Path. Soe. Tram., voL x., p. 188. 
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scrofulous, or cancerous degeneration, may become suddenly 
the seat of nephritis, the supervention of which would be at 
once diagnosed by a change taking place in the urinary sedi- 
ment, for, in addition to the elements of tubercle, cancer, or 
pus, the characteristic ddbris of Bright's disease, as already- 
described, would become apparent. 



Seconda&y Albuminuria (Cause not Pbimasilt in thb 

Kidney). 

Albuminuria from Imperfect Digestion, — Every one who has 
had much experience with diseases of the urinary system is 
aware that eases of temporary albuminuria are occasionally 
met with in persons whose only symptoms are referable to 
disordered digestion. It may be that they are usually dys- 
peptic, or, what is stUl more frequently the case, they have 
been indulging in food that has disagreed with them. Thus, 
cheese has been known to cause albuminuria in children, and 
lobster or crab in grown-up people. The explanation of this 
is simple enough, as has already been explained in the physio- 
logical part of our subject, and which, therefore, need only be 
again alluded to here. In these cases there is nothing essen- 
tially wrong with the kidneys, and the albimiinuria is simply 
due to the endosmotic equivalent of the albumen absorbed 
into the circulation being different from what it ought to be. 
Certain kinds of albumen, as before said, wiU. not stay in the 
blood unless they have previously undergone modification by 
the digestive process. Hence, if the necessary modification be 
interrupted, either on account of the digestive organs being 
out of order, or by reason of the indigestible nature of the 
food itself, a temporary attack of albuminuria is the immediate 
consequence. 
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The effect of food on albuminurias of all kinds is much more 
important than most persons imagine ; for, as I shall after- 
wards show when on the subject of treatment, by diet alone 
we can at pleasure augment or diminish the amount of albu- 
men eliminated with the urine. Nothing further need there- 
fore at present be said on the subject. 

Albuminuria from Nerve Lesion or Reflex Irritation, — ^This, 
like the last form of the affection, is characterised by the ab- 
sence of organic change in the structure of the kidneys. But 
the analogy does not proceed further, for although the albu- 
minuria is due to no structural change, it can, neyertheless, be 
clearly traced to a disturbance of the renal circulation. It 
may be remembered that while on the physiology of the sub- 
ject I mentioned that in the lower animals albuminuria can be 
produced at will by a variety of operative procedures — such, 
for example, as section of the renal nerves, division of the 
spinal cord, lesion of the cerebral peduncles, etc. So we cannot 
be in the least surprised at the detection of albumen in the 
urine of patients labouring under similar nerve lesions, the 
result of disease. As the cause of the albuminuria is apparent 
enough in the lower animals — ^namely, renal congestion — there 
need be, I think, but little doubt that in man the pathology of 
the morbid condition is precisely similar. Cases of albuminuria 
in connexion with spinal paraplegia, hemiplegia, apoplexy of the 
base of the brain, etc., have been so frequently reported, that 
nothing further need be said upon the subject, but we may at 
once pass on to the consideration of that form which is least 
understood — viz., the albuminuria of pregnancy. 

Albuminuria of Pregnancy » — Many years ago, when House- 
Surgeon to the Edinburgh Koyal Maternity Hospital, I was 
led, at the suggestion of Professor Simpson, to examine the 
urine of every patient that entered the charity during three 
months. The urine of those who came in after the pains of 
labour had already begun was immediately drawn off by the 
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catheter, so that even in their cases all risk of error, from the 
accidental admixture of vaginal secretions, was avoided, and 
I was surprised to find how much less frequent the presence 
of albumen in th eurine of pregnancy was than I had been led 
to expect from the opinions expressed by previous observers. 
It did not amount to 4 per cent., which is actually less than a 
third the percentage of the cases of temporary albuminuria 
foimd to exist amdng female patients admitted into a general 
Hospital, (a) As regards the frequency of puerperal convul- 
sions, an almost similar conclusion was arrived at — namely, 
that they are not so exceedingly common as generally supposed, 
for although I have since seen them both in private and public 
practice, not one case of the kind occurred among the 450 women 
who were at that time delivered imder my superintendence, and 
at least ten of whom were passing albumen in the urine. More- 
over, even in those cases where the albuminuria is most severe, 
accompanied by dropsy, and apparently entirely due to the 
pregnancy, there may still be no convulsions, as the following 
case will show : — On May 30, 1851, a servant-girl, aged 20, 
was sent into the Edinburgh Infirmary by a Medical man who 
thought her case one of Bright's disease. Her urine was 
highly albuminous, her face pufiy, her legs swollen, and her 
abdomen greatly distended. On passing my hand over the 
abdomen I imagined that I felt an enlarged uterus, but on 
suggesting pregnancy, the girl indignantly denied its possi- 
bility. It was true that she had seen nothing for the last nine 
or ten months, but to that she attached no importance, as she 
had often before been irregular. She had never had morning 
sickness, never felt any movement, and besides, it was 

(a) Among the women admitted into the Medical wards of University 
College Hospital, Parkes found 12*03 percent, had temporary albuminuria 
(Medical Time* and Oautte, January 1, 1859). Drs. Elliott and Van 
Arsdale foimd only two cases of albuminuria in 112 pregnant women that 
they examined (New York Journal cf Medicine, 1856), 
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impossible she could be pregnant. Facts, however, are stub- 
bom things, and foetal hearts being not usually heard in cases 
of simple ascites, I quietly, but firmly, told her my opinion that 
the albuminuria was associated with, if not the direct result 
of, pregnancy; at the same time adding that she might remain 
in the Hospital a few days while we tried to relieye the dropsy. 
In four days she was taken in labour, and within an hour 
after I was called to her bedside she was delivered of a full- 
grown healthy child, without a single convulsion or any head 
symptom whatever. From this time the albumen began to 
diminish in the urine, the dropsy to disappear, and on June 
16, twelve days after delivery, not a trace of matter coagulable 
by heat and nitric acid was to be found in the urine. On 
July 14 she was dismissed in apparently perfect health. 

I have now to relate two other cases of what is called the 
albuminuria of pregnancy, but which, as shall afterwards be 
explained, have an entirely different pathology. The follow- 
ing is an abstract of a case which was published in Germany 
in 1854. (a) The analyses were made conjointly by the late 
Dr. Gegenbaur and myself; the clinical history was furmshed 
us by Scanzoni ; — 

The woman, aged 36, began to menstruate in her fifteenth 
year, and conceived for the first time in her twenty-fourth 
year, which conception, pregnancy, and delivery were all per- 
fectly normal. Menstruation recommenced eight weeks after 
delivery, and continued at regidar intervals till February 27» 
1853, when she again became pregnant. The patient con- 
tinued well till July 24, 1853, when she was attacked with 
ascites and anasarca of the upper and lower extremities, the 
outer genitals, coats of the abdomen, and of the fSetce. Being 



(a) Harley and Gegenbaur : Besearches on the Blood and Urine of 
Albuminuria of Pregnancy. Belt, xu Qeburtskunda t, Scanzoni, Hf. II. 
1854. 
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unable to work, she went to the Hospital in Schweinfurt, from 
whence she was discharged as cured in the course of six 
weeks. The patient attributed her illness to cold, which she 
said she had caught from being too lightly clad in damp, cold 
weather. 

On September 18 she entered the Wurzburg Royal Lying- 
in Hospital, there to await her delivery. At the time of her 
entrance she was perfectly well, with the exception of an 
oedematous swelling of the lower extremities, which she 
ascribed to the long distance she had walked. After remain- 
ing fourteen days in the Institution, 'the patient again became 
dropsical, and the dropsy continued to increase so that on 
October 13 she presented the following appearance : — 

Her pale face appeared swollen and pufiy, particularly around 
the'eyes ; the upper extremities, especially the forearm and 
the hand on the left side, were very oedematous ; the abdomen 
contained much fluid, and respiration was difficult, on account 
of the compression of the limgs ; the heart's action was normal ; 
the skin was extremely dry; the bowels torpid; and the 
scanty urine loaded with albumen. The foetal heart was dis- 
tinct. The patient was ordered a diuretic electuary, to remain 
quiet in bed, to take moderate nourishment, acidulated drinks, 
and the swollen extremities to be boimd with a linen compress. 
During the next nine days both the oedema and ascites dimi- 
nished, while the urine and perspirations increased. The 
amount of albumen passed was, however, much the same. 
From October 22, although the patient had ceased taking the 
medicine, the improvement still continued, and on November 6 
2 ozs. of blood were withdrawn from the patient's arm, and 
the twenty-four hours' urine at the same time collected. The 
analyses of these fluids, as well as those subsequently made 
during the patient's illness, are given in the following table, 
in which, for the sake of more ready comparison, the con- 
stituents have been reckoned at so much per thousand : — 
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Blood, 

In 1000 parts of blood were— 

1st analysis 2nd analysis Srd analysis 4th analysis 
on Nov. 6. on Nov. 17. on Dec. 7. on Dec. 15. 



Water . 


825*96 


829-404 


789-220 


768-782 


Solid matter . 


174-04 


170-596 


210-780 


231*218 


Fibrin . 


2-30 


2-855 


2-489 


2*858 


Albumen 


54-16 


60-693 


65-967 


73-431 


Blood corpuscles . 


103-51 


95-902 


131-219 


141-751 


Extractive matter . 


1-22 


0-821 


2-005 


4-884 


Inorganic salts 


12-78 


10-315 


9-109 


8-287 


In 1000 parts of 


serum were — 






Water . 


927-32 


917-614 


911-091 


906-000 


Solid matter . 


72-68 


82-386 


88-909 


94-000 


Albumen 


60*69 


67-269 


76-154 


86*538 


Extractive matter . 


2-91 


3-752 


4-505 


2-462 


Inorganic salts 


9-08 


11-365 


8-249 


5-000 



Urine, 
In 1000 parts of urine were — 



Water . 


963*1 


971-1 


967-3 


Solid matter . 


36-9 


28-9 


32*7 


Inorganic salts 


22-9 


16-9 


17-5 


Organic substances 


12*88 


12-8 


15-3 


Albumen 


9-5 


2-9 


1-6 


Urea • 


3-39 


5-43 


10-9 



The first analysis was made during the thirty-third week of 
pregnancy, at which time, although there was not much ascites, 
there was considerable cedema of the lower extremities. The 
qualitative analysis of the blood showed that it contained, 
besides the above-named ingredients, a large quantity of sugar 
and traces of carbonate of ammonia. The urine collected at 
the same time had a strongly alkaline reaction and nauseous 
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smell — facts which led to the conclusion that the trans- 
formation of some of the urea into carbonate of ammonia was < 
taking place in the circulation. On microscopical examina- 
tion, the urine was found to contain a number of pale tube- 
casts, as well as numerous epithelium cells. 

By the time the second analyses were made— twelve days 
later — ^the condition of the patient had improved, her com- 
plexion was more natural, and the dropsical swelling had con- 
siderably diminished. The blood no longer contained car- 
bonate of ammonia, and only a small quantity of sugar was 
present. The urine had now become almost normal. The 
quantity had increased from 1169 cubic centimetres (38 oz.) to 
1668 cubic centimetres (54 oz.), and the specific gravity had 
at the same time fallen from 1043 to 1025. Besides this, 
there were no longer any tube-casts to be detected. The im- 
provement in the condition of the patient went steadily on 
until December 1, when she was safely delivered of a full- 
grown healthy child, without the occurrence of any nervous 
complication. On December 7 — ^that is, seven days after 
delivery— the condition of the blood and urine, as shown by 
the third series of analyses, was still more favourable. The 
total quantity of urine then passed was 1792 cubic centimetres 
(58 oz.), the specific gravity 1015, and the reaction decidedly 
acid. Ten days after the confinement, the health of the 
mother was considered so good that she was sent as wet 
nurse to a resident famUy. Five days later, at the request of 
Scanzoni, she returned to the lying-in Hospital, and had over 
2 oz. of blood abstracted from her arm, the result of which is 
given in the fourth table. Now, if we compare the first 
analysis of the blood with the figures given by Scherer of 
normal blood, the increase of the watery, together with the de- 
crease of the solid constituents is very remarkable. The albumen 
is decidedly under the average of that foimd in non-pregnant 
females. The quantity of blood corpuscles is likewise less, 
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whereas the fibrin and salts are more abundant than in normal 
blood. The quantity of solid matter in the serum is also 
much less, but the difference is here caused by the smaller 
quantity of albumen present, since the amount of salts 
approaches that in normal blood. The result of the second 
analysis corresponds with the improvement of the patient : 
there being a decided increcue of the albumen, and decrease of 
the salts in the blood. The third analysis of the blood, seven 
days after delivery, shows, in comparison with the two former 
analyses, a considerable diminution of the water, Tiith a corre- 
sponding increase of solid matters ; the fibrin is, however, less 
than in the second analysis. . The great increase of albumen 
and blood corpuscles exactly correspond to the decrease of the 
albumen in the urine. In the fourth analysis, the water of 
the blood is seen to be still further diminished, and the solids 
at the same time as notably increased. The quantity of the 
salts is again less than in the previous analyses, so that all the 
analyses show a continuous decrease in these constituents. 

The general conclusion to be drawn from the foregoing 
investigations is : — 

1st. That in the albuminuria of Bright's disease there is less 
than the normal amount of albumen in the blood. 

2nd. As the amount of the albumen in the urine increases, 
the quantity in the circulation proportionately diminishes ; and 
as the albuminuria decreases, the amount in the circulation 
gradually reapproaches the normal standard. 

3rdly. The quantity of albumen and urea in the urine are 
in inverse proportion to each other — that is to say, where there 
is much albumen there is little urea, and where there is much 
urea there is but little albumen. 

Lastly. The condition of the urine affords us a pretty 
correct idea of the probable condition of that of the blood. 

I have now to point out an error into which people are very 
liable to fall— namely, to look upon the albuminuria of preg- 
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nancy, and pregnancy with albuminuria, as one and the same 
thing, while, in reality, they are perfectly distinct. When we 
speak of the albuminuria of pregnancy, we mean that the 
pregnant state induced the albuminuria, as was the case in the 
example first cited ; whereas when we speak of pregnancy 
with albuminuria we simply mean that a woman during the 
period of her pregnancy has been attacked with kidney 
disease, as in the case last cited. 

I haye now to call attention to a third form of albuminuria 
and pregnancy — namely, that in which a patient already the 
subject of kidney disease becomes pregnant. This is not only 
a grayer complication than the " albuminuria of pregnancy," 
but, as a rule, eyen more dangerous, both to the life of mother 
and child, than a case of pregnancy complicated with kidney 
disease. The following case, of which I can only giye a yery 
brief abstract, will illustrate this remark :— 

The subject was a lady, aged 30, who I saw in consultation 
with Dr. Magrath, of Teignmouth, and to whom I am indebted 
for the patient's history. Her mother died of diseased kidneys 
at the age of 45. The patient herself was healthy until she 
suffered from frequent attacks of intermittent feyer whilst 
abroad. During her first pregnancy her legs were noticed to 
be oedematous, but, as albuminuria was not suspected, the 
urine remained unexamined. Her deliyery was followed by 
a conyulsion, for which she was bled to sixteen ounces. 
During the second pregnancy and confinement, nothing 
remarkable was observed, but after the third deliyery she was 
again seized with conyulsions, which were on this occasion 
arrested with chloroform. In the early part of 1863 she again 
conceiyed, and almost immediately before or afterwards, was, 
while recoyering from a catarrhal feyer, seized with hemi- 
plegia. In the following month she was seen by Dr. Brown- 
S6quard, and, under the free administration of tonics, with 
change of air, she gradually regained the power of her arm 
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and leg. In August of the same year, shortly before I saw 
her, her face and hands were for the first time observed to be 
oedematous. The urine was of a specific gravity of 1020, and 
was not noticed to contain albumen. About this time she 
suffered from headache, vomiting, w^ith stertorous breathing, 
and muscular twitchings during sleep. At the end of August, 
when I examined the patient, the specific gravity of the urine 
was 1014, it contained a large quantity of albumen, coagula- 
ting to one-third of its volume, and with the microscope both 
blood corpuscles and renal tube- casts were detected. As the 
symptoms of ursemic poisoning continued to increase until the 
breath had a urinous odour, the induction of premature labour 
was had recourse to, during which she had a convulsion, 
which was arrested with chloroform. After this the patient 
made a slow recovery until October 24, when she was con- 
sidered convalescent. The urine at this time was abundant, 
of a specific gravity of 1014, contained very little albumen, and 
only a few hyaline tube-casts. 

. On November 25 the quantity of urine was forty otinces, 
and the specific gravity 1021. Waxy tube-casts were still 
to be detected, (a) 

In this case, as in the preceding, the union of pregnancy 
and kidney disease must be looked upon as accidental. In 
the former the albuminuria supervened during the course of 
the pregnancy ; in the latter, the pregnancy in the course of 
the kidney disease, (b) each being quite independent of the 
other. The distinction to be drawn between these cases and 

(a) In a letter I received on October 10, 1865, regarding another patient. 
Dr. Magrath incidentally alludes to the above case, and says Mrs. — — 
"keeps very well; the condition of the kidneys seems stationary." 

(b) Although there is no data by which the exact i)eriod when the 
kidney disease commenced in this case can be determined, yet when we 
consider the history as a whole, it appears not improbable that the renal 
affection was first induced in the predisposed constitution by the repeated 
attacks of intermittent fever, from which the la4y suffered at the com- 
mencement of her married life. 
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that first cited — ^namely, the albummuria of pregnancy — is of 
the utmost importance both as regards prognosis and treat- 
ment ; for while in the albuminuria of pregnancy it is to the 
pregnancy, and not to the kidneys, that we must look for relief, 
in the case oi the kidney disease associated with pregnancy, 
as well as in that of the pregnancy associated with kidney 
disease, it is to the condition of the kidneys that we must 
specially direct our attention. The reason of this is easily 
understood when we remember that in the albuminuria of 
pregnancy the albumen rapidly disappears from the urine 
after deliyery, whereas in the others the mere circumstance 
of delivery influences the albuminuria only in a secondary 
degree. The patient must be as carefully treated for diseased 
kidneys after the expulsion of the child as during its sojourn 
in the uterus. 

As regards puerperal convulsions in cases of albumi- 
nuria, as far as my own experience goes^-and I have nothing 
else to guide me — they are far more frequently the result of 
diseased kidneys than of the simple albuminuria of pregnancy. 
Convulsions, as we well know, frequently occur without preg- 
nancy, and we cannot be surprised at their occurrence when 
pregnancy is superadded to the albuminuria. In the latter 
case the convulsive attack may be delayed until the time of 
delivery, or it may occur at any period of the pregnancy. 
There can be no doubt that albuminuria, from whatever cause, 
predisposes to epileptic convulsions, just as any other disease 
which impoverishes the blood, and thereby leads to malnutri- 
tion of the nervous system ; for malnutrition of the nervous 
system is of all things the most fruitful source of epilepsy. 
In the second case cited we had ample proof of the impoverish- 
ing influence exerted upon the blood by albumiauria ; and the 
absence of convulsions in it might probably be attributed to the 
circumstance that the blood had almost entirely regained its 
normal condition at the time of delivery. 
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That epHeptic conyuUionB may oc(nir in tmcomplicated 
albtuninuria in tlie predisposed I see no reason to doubt ; and 
a well-marked case of this kind, which is briefly as follows, 
fell under my notice in 1851 : — 

A dark-complexioned woman, of moderate development, who 
had been for nine years a strumpet, — she was then 28 — was 
admitted on April 28 into one of the wards under the charge of 
Br. Halliday Douglas. She had a dull, languid, and waxy ap- 
pearance. Her urine was albuminous, of a specific gravity of 
1008, and for several days after admission averaged 100 ounces 
per diem. She said her illness began with dyspeptic symptoms 
eight months before, and that shortly afterwards she had a fit, 
which had since recurred about once in every three or four 
weeks. On May 1 1 — that is to say, thirteen days after her admis« 
sion— she had a fit which lasted an hour, and from then until she 
died— seven days later-Hihe had one, two, or more every day. 
She died immediately after coming out of one. From the 
11th to the 18th she was in a state of stupor, and was not 
easily roused ; but when awake she answered questions 
correctly. The urine fell from 100 to 50 ounces a-day during 
the last fortnight of her life. On post-mortem examination, 
the kidneys were found enlarged ; one weighed six, the other 
five ounces ; they were in a state of waxy degeneration. The 
woman had had syphilis. The capsule came off with difficulty ; 
the texture of the organ was exceedingly firm, and of a pale 
colour. The separation between cortical and medullary sub- 
stance was ill-defined. In the pyramids were several opaque 
points, which yielded a puriform fluid om pressure. "Wheri 
examined with the microscope, similar opaque points in the 
cortical substance were found to contain renal epithelium in 
all stages of degeneration, and numerous oleo-albuminoid 
granules. 

Supposing this woman had chanced to become pregnant a 
month before she took ill, she would have been delivered just 
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about the time she died, and her death would in that case 
have been most probably attributed to puerperal couTulsions 
from albuminuria, whereas, as we here see, the pregnancy 
might in reality have had nothing at all to do with it. I do 
not wish it for a moment to be supposed that I ignore the in- 
fluence of pregnancy, and more especially of the effects of 
delivery, in inducing conyulsions in those otherwise predis- 
posed to them. 

All I desire is, to utter a strong protest against the oft- 
repeated statemient that puerperal conyulsions are always the 
result of the albuminuria of pregnancy, while in reality they 
are much more frequently the concomitants of true kidney 
disease, assisted by the effects of the puerperal condition, the 
chief cause of the conyulsions being the retention in the cir- 
culation of the excrementitious urinary products. 

It is of vast importance to both mother and child to be able 
to diagnose these cases ; for while in the albuminuria of preg- 
nancy, imless the symptoms be severe, the case may almost be 
left to nature, in pregnancy, associated with true kidney dis- 
ease, energetic treatment is demanded, even, as we have seen, 
to the induction of premature labour ; for even when the 
pregnancy does not end in convulsions it never fails to act 
prejudicially on the renal affection. 

I would even go further, and say that pregnancy, in many 
cases, is one of the exciting causes, not alone of albuminuria, 
but of true kidney disease ; just in the same way as cardiac 
and hepatic affections are — ^by keeping up renal congestion. 
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Albuminuria the Result of Organic Disease of the 

Heart, Liter, or Pancreas. 

This is an exceedingly common class, and one demanding our 
most careful consideration, as judicious treatment can here do 
a great deal for the patient. The pathology of this class of 
cases is very simple*, mechanical obstruction inducing passive 
renal congestion. As the albuminuria usually first makes its 
appearance at a late period of the cardiac, hepatic, or pan- 
creatic disease, it often happens that the patient succumbs to 
the united effects of the double complication ere any well- 
marked anatomical alteration in the structure of the kidneys 
has had any time to occur. When such is the case, on post- 
mortem examination the kidneys are merely found highly 
congested. Should death, however, not have proved imme- 
diate, there is usually some structural change met with in the 
renal organs, for, as we have already seen under a different 
heading, the continuance of renal hypersemia gradually, but 
surely, leads to chronic hypertrophy, which in its turn ulti- 
mately induces a true structural change in the renal tissue. 
In the class of cases now under consideration, the ana- 
tomical alterations met with in the kidneys, as well as the 
functional derangements to which these changes give rise, 
must be regarded as the secondary results of the diseased 
liver, heart, or pancreas, as the case may. be. But there 
is also another set of cases where, although the double com- 
plication exists, the pathology is different. I allude to those 
where the union of the renal and the other affection is, as it 
were, accidental. That is to say, each disease has originated 
independently of the other, certain causes having led to the 
renal affection on the one hand, certain other causes having 
induced the cardiac, hepatic, or pancreatic affection on the 
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other. The doable complication in the latter class of cases 
must be looked upon as a much more serious matter than in 
the former. 

Por the sake of illustration, let us imagine the case of a 
patient, who, after haying for years been the subject of 
chronic kidney disease, becomes suddenly attacked -witli 
endocarditis, ultimately leading to permanent Talvular ob- 
struction, the tendency of this being, as we know, to lead 
to hypertrophy of the heart Here, then,*i8 a case of a most 
graye character ; for in addition to the cardiac hypertrophy we 
haye the increased tension in the arterial system produced by 
the already existing kidney disease, also tending to the same 
result. The eyil does not eyen stop here ; for just as on the 
one side the kidney disease tends to increase the cardiac 
hypertrophy, so on the other the yalyular obstruction lends its 
helping hand to increase and perpetuate the kidney disease. 

What holds good for cardiac affections holds equally good 
for obstructions to the portal circulation induced by hepatic 
or pancreatic disease. All these morbid conditions act and 
react upon each other in such a manner as to render it exceed- 
ingly difficult to define how much of any giyen effect is due 
to the one, how much to the other. Thus it often happens 
that a patient who has been labouring under the combined 
effects of cardiac and kidney disease suddenly becomes 
seriously worse. The swelling of the feet increases, the pulse 
becomes rapid and irregular, the breathing short and quick, 
and within twenty-four hours after being in his usual 
health he seems at the yery gates of death. On examining 
such a patient carefully^ we most probably find a foul tongue, 
a sallow complexion, an enlarged and engorged liyer. Added 
to this a bastard condition of lung —half pneumonic, half 
bronchitic ; rales copious ; sputa sanguineolent ; dulness 
irregular, the most distressing symptoms at the same time 
being the inability to take a full breath and the impossibility 
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to procure sleep. No sooner does the poor patient lie down 
and shut his eyes than he starts up iii a paroxysm 
of suffocation. Seyere as these cases may be, they are 
by no meanB always without hope. I have seen patients as 
bad, and worse than here described, get comparatively well — 
at least, so well that they have lived for several months and 
been able to travel many miles. Perhaps this statement will 
be better appreciated if I relate a case of the kind ; and the 
one I purpose selecting is that of a well-known publisher 
whom I attended with two other Medical men. When first 
seen, in conjunction with Dr. Walshe and Mr. Gourtenay, 
the patient's condition was briefly as follows : — Great diffi- 
culty of breathing ; respirations 38 ; feeble and irregular 
heart's action ; pulse 100 ; headache, sickness, and vomiting ; 
sputa pneumonic, red, rusty, and tenacious ; dulness over the 
lower pulmonary lobes on both sides of the chest ; loud 
mitral murmur ; oedema of the lower limbs ; scanty and 
highly albuminous urine, of a specific gravity of 1010. 
Coupled with these, there was an engorged liver and a sallow 
skin. In fact, a more hopeless-looking case could scarcely be 
imagined; for, although the patient could not lie down to 
sleep, he seemed gradually drifting into a state of ursemic 
coma. His breath and perspiration had already a urinous 
odour, and that, coupled ynth the ursemic pneumonia, made 
one regard the case with anything but agreeable forebodings. 
Strange to say, however, under very active treatment directed 
to the skin, lungs, liver, and heart alternately, this patient 
ultimately recovered, and was able to leave his bedroom 
within five weeks from the time that he was in the condition 
above described, and within a very few weeks more he 
was able to take a fifty miles' railway journey with perfect 
impimity. During the period of active treatment the case 
several times assumed so severe a character that both Dr. 
Walshe and Dr. Williams, who also saw the patient during his 
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illness, agreed with Mr. Courtenay and myself in thinking 
that hours, not eyen days, would have limited his existence. 

The influence of cardiac disease on renal affections is not 
yet all told, for it may lead to other complications than 
those already described — such, for example, as embolism 
of the kidney, of which the following case, kiadly furnished 
to me by Dr. Baumler, is a good illustration. It has the addi- 
tional adyantage, too, of being one in which the pathological 
condition was correctly diagnosed during life : — 

E. K., aged 26, admitted into the German Hospital on 
October 3, 1864, with well-marked mitral disease; no droi>8y ; 
rather difficult breathing ; crepitation at the base of the right 
lung. 

October 4. — ^Urine scanty (about 700 cc), with deposit of 
urates ; contained only a trace of albumen, a good deal of pig* 
ment, and a considerable amount of lurea, so that on putting 
strong nitric acid to it, the urine Tery soon crystallised. 

5th, 6 p.m. — Sudden attack of severe pain in the right side 
below the twelfth rib, and in the right loia. Complete col- 
lapse ; extremities cold ; slight cyanosis ; nopidsecouldbe felt ; 
sickness and vomiting, diarrhcea. Rallied after the adminis- 
tration of stimulants. 

6th. — ^Pain and sickness continued. 

7th. — Diarrhcea stopped. A little blood in the sputa. 

From the 7th to the 12th of October the prominent symp- 
toms were in the chest, the pain in the right side having 
then nearly subsided. 

12th. — Feels better ; urine in quantity and appearance the 
same as on the .4th. A little more albumen. In the evening 
she was suddenly seized with vomiting, repeated purging, severe 
pain in the left hypochondrium, and collapse. 

13th. — ^Pain continued very severe. (Great relief from sub- 
cutaneous injection of ^ gr. of morphia.) The pain was greatest 
just below the twelfth rib, and radiated to the left loin. 
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16th. — No more diarrhoea. Urine 600 c.c. 

16th. — Urine 1000 c.c, contained more albumen than on the 
12th. The field of the microscope was covered with tube-casts, 
transparent and granular, and blood corpuscles. 

22nd. — The same amount of albumen ; felt better ; oedema 
of the legs. 

23rd. — Chest symptoms increased ; considerable effusion into 
the right cavity of the pleura. 

26th. — Less urine, less albumen. 

27th. — Beginning jaundice. 

31st. — No albumen nor casts. 

November 2. — Urine about 1000 c.c, without deposit; large 
amount of bile pigment ; no albumen. 

lltti,^'Not a trace of albumen in the urine. Died on the 
same day. 

The post-mortem examination showed a small fibrinous 
deposit in the right kidney in a state of shrinking ; the upper 
part of the left kidney entirely diseased ; one of the branches 
of the renal artery plugged up ; the plug was about one inch 
long. 



Albuminxjbia the Kesult of Geicer/il Affections. 

This includes a large group of diseases, which with advantage 
may be subdivided into the two varieties of febrile and non- 
febrile affections. Among the diseases composing these 
groups may be mentioned — 

1st. Small-pox, typhus, typhoid, scarlet, yellow, rheumatic, 
puerperal, and remittent fevers. 

2nd. Pneumonia, pleurisy, bronchitis, phthisis, peritonitis, 
gout, scurvy, erysipelas, purpura, and cholera. 

The urine in all these cases may be coagulable under three 
different conditions. In the first place, the kidneys may only 
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pennit the serum of the blood to escape ; in the second place> 
not alone may the unorganised serum escape, but even the 
organised blood corpuscles, thereby giving to the case some- 
what the appearance of acute Bright's disease, the urine being 
both coagulable and smoky, or eyen red. Thirdly, and lastly, 
in the severer forms of disease, especially in those assuming 
a malignant type, the walls of the blood corpuscles are broken 
down, and their disorganised contents— hsemato-globulin — 
escape, giving to the urine the colour and chemical reactions, 
without, however, the microscopical characters, of heematuria. 
Such a state of things is occasionally seen in putrid typhus, 
malignant scarlet fever, and severe purpura. I shall after- 
wards have to relate cases, under the head of intermittent 
hasmaturia, which closely resemble these, in so far as the 
urme contains disorganised blood constituents without blood 
corpuscles. 

As regards the pathology of the albuminuria of general 
affections, all that need be -said is that it is essentially due to 
renal congestion, and that there is usually but little difficulty in 
diagnosing the case, from the circumstance of its coming and 
going with the other affection. It is true that active congestion 
may also supervene in the course of one or other of the forms of 
primary albuminuria, but even then we have it in our power 
to recognise its existence by a peculiar form of renal tube- 
cast — the granular tube-cast. Granular casts were at one time 
thought to be characteristic of contracted kidney, but this I 
have long since proved to be an error. They may occur in 
cases of contracted kidney, as they may occur in any form of 
albuminuria ; but the cause of their presence is then, as it is 
now, active congestion. 

Some idea of the appearances presented by granular tube- 
casts can be obtained from the accompanying illustration. 
The casts may be large or small, quite full, or only partially 
filled with granular matter, the size of the cast depends 
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on the part of the tube in which it was formed ; the amount 
of granular matter it contains on the condition of the kidney. 

Fig. 6. 




Quantities of escaped granular matter and epithelial cells may 
also be irregularly scattered oyer the field of the microscope. 

Before passing to the subject of treatment, I would again 
call special attention to the fact that in every form of chronic 
kidney disease, the organ is liable — more liable than the healthy 
kidney — to occasional attacks of acute congestion or of inflam- 
mation, and that under such circumstances the appearances 
met with in the urine become modified and complicated 
accordingly. Patty 6asts are found mingled with blood cor- 
puscles, waxy casts mixed up with pus cells, granular casts 
surrounded with oil globules, and so on, thereby throwing 
almost insurmountable difficulties in the path of the beginner. 
Care and experience will, howeyer, soon clear the way 
and show that the apparent confusion is but perfect order 
not properly xmderstood. 
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Treatment. 

At no very distant date the treatment of kidnej diseases 
was regarded as an almost hopeless task. As our knowledge 
of their pathology and our powers of diagnosis haye, how- 
oyer, adyanced, we haye gradually gained confidence in the 
yalue of remedies in such affections, and we might almost 
say that it is in the power of the enlightened Practi- 
tioner not only to check the milder forms, but eyen to control 
and mitigate the symptoms arising from the seyerer renal 
affections. To be successful in treatment we must be correct 
in diagnosis, and taking for granted that the nature of the 
case has been thoroughly made out, the general principles 
upon which we are to found our treatment are as follows : — 
The first and great principle of all is to giye rest to the dis- 
eased organ, for just as the function of the diseased eye is to 
be kept in abeyance while nature is remoying the lesion, so 
must the diseased kidneys haye rest from their function in 
order that their healthy condition may be restored. We can- 
not, unfortimately, lay up the kidneys as we can a fractured 
limb, nor entirely arrest their function, as we can that of a 
diseased eye. Neyertheless, we can reduce their labour to a 
minimum by making other organs for a time perform an 
essential part of their office. 

There are three channels by which we can draw off from 
the system the excrementitious materials which normally fall 
to the lot of the kidneys to eliminate — ^namely, the bowels, 
skin, and lungs. By keeping up an excessiye action in these, 
we can not only remoye for a time a portion of the burden 
from the oyer-taxed kidneys, but in those cases where dropsy 
has already become a distressing symptom giye great relief tq 
the patient. 

The yalue, indeed, of pressing into our seryice the yicarious 
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action of the bonels, skin, and lungs in tlie treatment of 
renal disease it is scarcely possible to oyerrate, for we can not 
only by such means give rest to the kidneys and diminish 
dropsy, but even mitigate the more serTous symptoms which 
are ordinarily included under the term ursemic intoxica- 
tion, (a) but which, more properly speaking, are the ciirect 
result of the combined effects of the retention in the circula- 
tion of all the excrementitious products, organic as well as 
inorganic, which normally fall to the lot of the kidneys to 
excrete. The skin and lungs are ^ore powerful auxiliaries in 
the elimination of urinary products than is generally supposed, 
for, as we have shown in our first lecture, the cutaneous 
perspiration does not only carry off water, but many of the 
organic as well as in.rganic urinary salts. Thus it has been 
found that the sweat eyen in health contains urea, uric acid, 
phosphates, and chlorides, while in disease, in .addition to these, 
it contains many abnormal compounds, uch even as the 
insoluble oxalate of lime. Pulmonary exhalation, too, as 
was then shown, may be almost of equal service, for in the 
expired air of even healthy men h^ve been detected urea, uric 
acid, urate of soda, and urate of ammonia, (b) 

The vicarious action of the bowels is to be induced by the 
internal administration of mild or drastic purgatives, accord- 
ing to the constitution and condition of the patient. When 
there is much dropsy, elaterium is a favourite form of pur- 
gative, but in cases of kidney disease it is usually advisable 



(a) The symptoma of unBinia have already been given under the head 
of Urea, p. 63. 

(b) "In the DevUeh, Areh. f. Klin. Med., voL vii., parts 6 and 6, Dr. 
Deinlnger publiahed the case of a boy five years of age, who suffered Arom 
anuiia renalis for a whole week, and on whose skin urea was discovered. 
Five cases of this kind have been recorded by Jtli^nsen and Leube ; but 
the issue was fatal in all, whereas Dr. Deininger's patient recovered. 
This vicarious function of the skin is therefore proved, and should 
encourage us to use diaphoretics whenever the action of the kidneys is 
diminished, or altogether abolished."— Zancet, 17th Dea, 1870. 
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to ftdminiiurit along with hyoacyamiiv, u it ndt un&eqtteatl; 
bring! on *a eshaiutioK diurhcM, eapectolly if given ftfEei the 
■]rtnptoin» of unemic ^iaoning hays tJrMd; Ret ia. 

The Tieirioiu Mtion of the ikin may be induced eithrr by 
the internal adminiBtration of diaphoretiM of the external 
tue of the warm balh, yapoiu-bath, oi hot-ait bath. The 
two latter not only increase the cutaneouj, bat alio augment 
the pnlmonary elimination of nrinary products. This is 
cipeciaUj the case with the hot-sir bath. 

One of the euieat of these in applieatioii ii " Allen's port- 
able Turkish bsth." It can be uied by a patient lying in bed, 
as here represented, (Fig. 7), or what ii 
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(when the patient isstrongenough), while in a sitting position. 
Thus, for example, the bath is put (with its disperser on) 
under a kitchen chair or stool, on which should be placed two 
or three folds of flannel. The whole person, except the head. 
is then packed in a blanket, having the ends well on the 
ground to prevent eecape of heat. The feet being placed 
on a footstool, with a pan of hot water or not, according to 
inclination, and the bath may be taken in this way Trom fifteen 
to forty minutes. After which, clear the akin with soap and 
warm water, then sponge with cold water, and rub dry 
briskly with rough towels. The towels can be warmed ready 
tbr use, by placing them on the back of the chair while the 
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bath is being taken. Even the calomel Tapour bath may 
occasionally be used with advantage, in cases of albuminuria 
supposed to have a syphi^tio origin. But before resorting to 
this line of treatment, one must be perfectly sure that the 
diagnosis is correct, for the strength of patients with albumen 
in their urine cannot be lowered with impunity. It is much 
easier to take away than to give strength to them. 

I may here remark that the usual practice of trying to 
diminish rather than to increase th^ urinous odour of the sweat 
and breath in cases of advanced kidney disease is greatly to 
be reprehended ; for instead of trying to check, we ought, on 
the contrary, to assist Nature in her laudable efforts to rid the 
circulation of the deleterious agents that are gradually 
extinguishing the life of the patient. 

Regarding the action of diaphoretics, which, as is well 
known, are exceedingly useful in chronic kidney disease, a 
word or two may be added. The most common form is Dover's 
powder, and from this containing opium, some have even 
ventured to administer that drug in combination with other 
substances than ipecacuanha. I must here, however, call 
attention to the fact that, although Dover's powder may be 
given with impunity, opium can seldom be employed in kidney 
affections in any other form without a certain amount of risk. 
More than one example of its deleterious effects in such cases 
has come under my notice, and in 1861 (a) a fatal case 
actually occurred in one of our London hospitals, where a 
man, aged 45, labouring under kidney disease, died after 
having taken only one grain of the acetate of morphia. 

In cases where there is a tendency to convulsions, even 
Dover's powder must be cautiously used. The cases best 
suited for the administration of Dover's powder are those of 
renal disease complicated with dropsy. Ten grains given at 

(a) Lancet, June 8, 1861, p. 575. 
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bedtime will often be found to relieve the patient, not only 
by increasing the perspiration, but also by augmenting the 
flow of urine, (a) 

The object of giving diaphoretics in chronic kidney disease 
U, of course, to keep up cutaneous perspiration. For a 
similar reason, patients ought always to wear warm cloth- 
ing ; and thifi rule ought never to be departed from, even in 
cases where the patient is comparatively well, so well that 
complete recovery may be said to have taken place. In the 
latter class of cases, indeed, every precaution against the 
effects of cold ought to be had recourse to, for a patient who 
has once had an attack of kidney disease is ever afterwards 
much more liable to another attack than one who has never 
been so affected. 

As regards the employment of diuretics in the treatment of 
kidney disease, a few words are here necessary. In the first 
place, it ought never to be forgotten that in acute Bright's 
disease, as well as in the first stage of all inflammatory and 
congestive attacks occurring in the course of chronic kidney 
affections, diuretics are inadmissible. In the second place, it 
must be borne in mind that great care should always be 
observed in their selection ; for a diuretic which will prove 
beneficial in one form and at one particular stage of renal 
disease will often not only do no good, but actual harm, when 
administered in another form or at another stage of the same 
attack. Thus, whenever the albuminuria is the result of 
active congestion, the antiphlogistic variety of diuretic — such 
for example, as a combination of bitartrate, acetate, or nitrate 
of potash and digitalis — is to be selected ; whereas in the 
absence of active congestion, and more especially when the 
vital powers of the patient are low, the stimulating variety of 
diuretic may not only be used with impunity, but with actual 
advantage ; such, for example, as squills, buchu, uva ursi, 

(a) Some jadicious remarks on this subject will be found in the Med. 
Preu of June 8th, 1870, by Dr. Macdonald. 
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belladonna, succus scoparii, spiritus juniperi, or spiritus 
eetheris nitrosi. The reason why the employment of diuretics 
often does harm in acute kidney affections is readily under- 
stood when we recollect that they haye always the tendency 
rather to increase than diminish the flow of blood to the 
already engorged organ. 

It ought never to be forgotten that the most potent diuretics 
often fail to produce diuresis until vicarious action of the 
bowels or skin has been established ; whereas^ after a smart 
purg^ or a profuse perspiration, a comparatively small dose of 
a diuretic, even a draught of cold water or a cup of weak tea, 
will induce an increased flow of urine. 

In the next place, the employment of antiphlogistics is in 
many of the inflammatory forms of kidney disease of essentia 
service. The most powerful of these is, of course, the local 
abstraction of blood, either by leeches or the cupping- glasses. 
But even general depletion by the lancet may, in some acute 
cases, be had recourse to. This remark is specially applicable 
to puerperal albuminuria, accompanied with convulsions. 

In former days, indeed, bleeding was regarded as the 
sheet-anchor in puerperal convulsions. It is only within the 
last twenty-five years that the use of the lancet has died out : 
in this, as in most other afiections, I might have said 
unfortunately died out, for I believe that venesection may 
sometimes be had recourse to with great advantage. 

In 1850, while house surgeon to the Royal Maternity 
Hospital, Edinburgh, I had the opportunity oa more than one 
occasion of witnessing the benefit of free depletion, and 
although I cannot venture to go so far as Professor Dyce, of 
Aberdeen, (a) who recommended the fearless use of the lancet, 
and other lowering remedies in this alarming disease, no 
matter what be the constitution of the patient, the duration of 
the pregnancy, or the stage of the labour, I think a return 

(a) See the British Med. Journal of 18th April, 1»6S. 
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to the use of the lancet, in those cases where the conyulsions 
are apparently due to the engorgement of the cerebral vessels, 
highly desirable. Its indiscriminate use, however, I cannot 
but regard as highly unphilosophical with our present know- 
ledge of the pathology of convulsions, (a) Just as in many 
cases of inflamed lung the general condition of the patient 
prevents the employment of active means, so also in the case 
of the inflimed kidney we must occasionally abandon the 
antiphlogistic line of treatment, and content ourselves by 
merely diverting for a time the course of the circulation, 
either by the application of dry-cupping glasses, counter- 
irritation, or of hot fomentations to the loins. 

I ought not to omit to mention that the unloading of the 
portal circulation by a smart calomel purge will often prove 
an important adjunct to such measures. 

Anjesthetics in Puerperal Albuminuria with 

Convulsions. 

When in the course of puerperal albuminuria convulsions 

have once manifested themselves, one of the readiest and 

perhaps the safest means of subduing them appears to be by 

the free administration of an anaesthetic. Chloroform has been 

most commonly employed for this purpose, but as insensibility 

has usually to be kept up for a considerable time, it is much 

safer to employ the mixture which I proposed some years 

ago, and which received the approval of the Chloroform 

Committee of the Royal Medical- Chirurgical Society. (b) The 

mixture consists of one part by measure of pure alcohol, two 

parts of chloroform, and three parts of sulphuric ether. A 

ready way of remembering the composition of my mixture is 

rhyming the first letter of each of the ingredients, Alcohol, 

Chloroform, Ether, with their quantities employed. Thus it 

rhymes : 

A. C. E.«l 2 3. 

(a) See remarks at p. 319. (b) Trans. Boy. Med. Chir. Soc, toL xlvii. p. 339. 
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I have no hesitation in saying that this mixture forms the 
safest and most agreeable anaesthetic hitherto proposed. If 
medical men were more intimately acquainted with the 
powerful chemical changes which chloroform exerts on the 
constituents of the blood, eyen when taken into the system by 
the lungs, they would probably employ it with more reserve 
than they do at present, (a) 

The advantages of the alcohol, chloroform, and ether 
mixture need not be here further alluded to, as they were 
fully dwelt upon in the report of the before-mentioned 
committee. All I shall say is, that it has special advantages 
in cases of puerperal convulsions, in which a state of 
anaesthesia requires to be kept up for some hours. 

Hydrate of chloral has been given by Mr. Campbell, of 
Dundee, in a case of puerperal conyulsions, with such apparent 
good effect, that I should recommend a further trial of it. The 
case (b) was that of a primipara^ aged 28, who was seized 
with convulsions as soon as the labour pains made their 
appearance. The convulsions recurred every half-hour, at 
the commencement of each labour pain, and left the patient 
perfectly unconscious during the intervals. 

The patient looked rather ex- sanguine, with pulse weak 
and irregular, face, hands, and legs oedematous, and urine 
slightly albuminous. 

Five hours after the conyulsions began, and while they were 
still occurring at the same regular intervals, forty grains of 
hydrate of chloral were giyen without any return of the 
conyulsions. Pains increased both in strength and frequency, 
and she remained insensible and quiet, only being slightly 
roused by the pains. Three hours later, while still asleep, 

(a) Vvie Author's paper on " Physical and Chemical Agents upon Blood 
with special reference to the Mutual Action of Blood and the Respiratory 
Oases." Phil. Trans., 18C5, p. 713. Also in the Proc. of Roy. Soc., 1804, 
p. 159. 

(b) Lancet, 80th July, 1870. 
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■he WM delifered of a dead child, and ia three hoars alter 
deliferj she waa again leized with conyulaionB, which 
recurred, during six hours, with more or less seveiity eyerj 
fifteen minutes, until thirty grains more of chloral were 
administered, when she again fell asleep, and woke next day, 
after a good night, without any further attack ; both the oedema 
and albumen at the same time disappearing. 

Tincture of iodine in albuminuria may by some be 
considered a noTelty ; but, nevertheless, it is a most successful 
remedy in cases of cerebral albuminuria, especially in those 
where the lesion or disease of the brain is not far adyanced. 
In such, for example, as cerebral congestion arising from 
overwork, or excessive exposure to the sun, &c., I generally 
give two or three minims of the tincture along with ten of 
the aromatic spirits of ammonia ; in the course of three weeks 
or so there is usually a marked diminution in the quantity of 
the albumen. A good illustration of this kind of treatment 
hss recently been afforded me, in the person of one of our 
own profession. The gentleman, a provincial hospital surgeon, 
first consulted me in May, 1870. The urine was then of low 
specific gravity and loaded with albumen, which he attributed 
to gout ; but which, on closely examining his symptoms, I 

• 

suspected had, as well as the gout, a cerebral origin. 
Accordingly I put him on the tincture of iodine treatment, 
and saw no more of him till the month of July, when he 
returned, saying he was now also of my opinion, for within 
a fortnight from his first visit the albumen had begun 
gradually to disappear, and by a month had entirely vanished. 
At the same time, he said, he noticed that excitement, worry, 
or fatigue caused the albumen to reappear. 

Iodine in combination with potassium has often been used 
with advantage in the treatment of kidney affections, and 
(Bome have thought very large doses necessary, (a) M. Crocq, 

(a) Crocq, Lancet, September 7th, 1867. 
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of Brusselfli in the parenchymatous form of albuminous 
nephritis, commences with two or three grammes a day, 
increasing the dose by proportions of one gramme every 
two or three days, until he reaches the dose of ten or fifteen, 
and eyen twenty grammes. It is not always necessary to 
reach these high doses. Tolerance is easily obtained. He 
has never, he says, observed any inconvenience result from 
the administration of this remedy. 

Astringent salts, in chronic albuminuria, as well as astrin- 
gent acid tonics, are often of great service, especially in getting 
rid of the last traces of albumen after an attack of acute 
disease. Just as gonorrhoea often ends in a gleet, so it 
happens that the kidneys, after having for a long time been 
the seat of Bright's disease, continue to pour out small 
quantities of albumen long after all constitutional symptoms 
have disappeared. In such cases, sulphate of zinc, sesqui- 
chloride of iron, gallic acid, tannic acid, and the mineral 
acids have frequently a very salutary effect in checking the 
remnants of the albuminuria. 

This action of the acids, at least, seems already to have 
found a physiological explanation, for Heynsius^ while study- 
ing the diffuaibility of albumen, (a) discovered that the 
ezosmose of an albuminous to a saline solution is retarded 
by acidity, and accelerated by alkalinity ; and, if such be the 
case out of the body, there can be little doubt, I think, that a 
similar, though perhaps a modified, effect follows the exuda- 
tion of albumen from alkaline blood into acid urinO. 

True, doubts upon the value of iron in the treatment of 
renal disease have been thrown by Dr. Hassall, (b) finding 
that he obtained no ferruginous reaction from arine of 
patients to whom he had administered the remedy. 

So long ago as 1852, while working in the laboratory of 

■ ■ I — — ^^^i»^i^ ^^m ■ ■ ■ ■■--■■■ ■ ■ - ■ — ■ . , ,^ 

(a) Donder'ii •* Archiv.," vol. iv. part 8. 

(b) Lancetf yoL ii p. 740,. 1S04^ 
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ProfeMon Wurtz and Verdeil, at Parb, I dUcoTered that iron 
is a normal constituent of human urine, and pubUahed the 
fact in the Pharmaceuiieal Journal for NoTember of that year 
in a paper entitled ** Researches on the Colouring Principle 
of Urine, and the Existence of Iron in that Liquid." In a 
review of this paper in ** Canstatf/' 1853, Scherer denied the 
truth of the assertion that iron always existed as a normal con- 
stituent of human urine. Such a contradiction coming from a 
man of Professor Scherer's position, unjustly casting, as it did, 
a doubt either upon my powers of obserTation or yeracity, so 
deeply wounded me that I at once started for Wiirzburg, and 
entered myself as a student in Scherer's own laboratory, 
determined to prove to him not only the existence of iron in 
healthy human urine, but even in the very "extractive colour- 
ing matter," which he himself had written so much about. 
This, I am happy to say, I did equally to his and my own 
satisfaction, as was shown in a paper which I read in 
the following spring before the Wurzburg Medical and 
Physical Society, and published in its Tran8actUms,{A) While 
working with Scherer I pushed the discovery a step farther, 
and found that iron actually exists normally in the liquid 
urine of all animals. After the salts of iron have been for a 
time administered medicinally, the quantity is increased in 
the urine ; and Dr. Hassall's inability to detect it arises, no 
doubt, from his testing the urine directly, instead of first 
evaporating and incinerating the residue, before applying the 
tests for the metal ; iron? like most other metallic substances, 
being quite undetectable when mixed with organic matter, 
unless present in an immense quantity. 

As diet invariably plays an important part in all treatment, 
I must here call attention to the influence of foods on 
albuminuria, as previously pointed out in the physiological 

(a) ** Ueber Urohsamatin/' dec. " Verhand der Pbys. Mod. Gesellschaft 
zu Wtiraburg,** Ed. v., 1854. 



T&EATMBNT BY ALBUItfiN. 343 

part of our subject (p. 289). From what was then said, it 
will be readily understood why patients labouring under 
kidney disease should receive the lightest and most digestible 
kinds of diet Moreover, their meals should be frequent and 
small rather than seldom and abundant. 

The valuable researches of Professor Parkes (a) on the in - 
fluence of food on the quantity of albumen eliminated by the 
kidneys, form- the grounds for this latter recommendation. 
Dr. Parkes found that more albumen is eliminated after than 
before a meal, and that fasting not only invariably diminishes 
. the quantity of albumen excreted, but even in some cases 
may cause it entirely to disappear from the urine — a fact 
which should make us avoid giving the patient more food 
than the wants of the system actually demand. The kind of 
food ought also to be regulated, in some measure, according 
to the form of kidney affection. Thus, while in oases of fatty 
renal degeneration, oleaginous diets are to be avoided, in the 
amyloid variety of the disease these same foods may be given, 
if not with advantage, at least with impunity. Xhe general 
constitution and condition of the patient must, however, always, 
be taken into consideration, and the diet selected according 
to the special requirements of the case. 

As can be readily imagined pure albumen is an important 
adjunct to other treatment, for in order to keep the patient 
from losing strength by the constant drain of albumen from 
the blood, it is absolutely necessary that this substance be 
restored to the circulation through the medium of the food. 
In cases where the digestion is so weak that strongly 
albuminous foods, like beef-steaks, chops, and eggs, in the 
usual form are rebelled against, I simply give the white of 
fresh eggs, either raw or semi-cooked, by beating it up in 
hot water, beef -tea, milk or wine. I have not as yet met with 

(a) Mtd. Timet and G<u.t 1S54, p. 396. 
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a ningle oafte where tike whTie of eggs has upset the digestiTe 
organs, although I haVe' given the white of as many as six* 
eighty or even twelve eggs in the twetity-four hours. Where 
the patient tired of this albuminous food in one form, it was 
given in another, as above indicated, varying it as circum- 
stances required. ' 

Milk is another important agent in treatment. I do not 
now allude to skim milk, for of that I shall speak presently* 
but of good, fresh, wholesome milk. In the treatment of 
children it is indispensable, and even in the albuminuria of 
adults is of great service. It, like the egg, is Nature's own 
preparation of food. The milk may be given alone or made 
up into puddings, such as sago, tapioca, rice, macaroni, and 
suchlike ; or in the more simple form of bread and milk, a 
sufficiency of sugar being added to render it palatable. It is 
necessary here to call attention to the fact that some stomachs 
rebel against cow's milk, and in these cases before abandoning 
milk diet it may be as well to try the effects of the milk of 
different kinds of animals, such as the ass, the mare, the 
goat, as these, especially in infants, are tolerated when it is 
found that woman's or cow's milk will not remain on the 
stomach. This observation has been specially suggested by 
the perusal of a fatal case of albuminuria in a child seven 
weeks old, recorded by (a) Mr. O. F. Helm, of Rugby, in 
which the affection (as that gentleman remarks) appeared to 
arise from the mal-assimilation of the albuminous elements of 
the food employed. This will be readily understood if we 
lemetnber what was said at page 312, on the effect of 
imperfect digestion on the production of temporary albu- 
minuria. 

Skim Milk in Albuminuria. — In 1869, Br. Bonkin (b) pro- 

(a) Lancet, 18th January, 1869. (b) lb., vol. ii. p. 768, 1869 ; /6., vqL i. 
\\ 378, 1870; lb., vol. i, p. 603, 1871.^ 
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posed the plan of treating cases- of firight's disease, as well 
as diabetes, by a purely skim milk diet. The amount 
recommended to be taken being six or seven pints daily, 
slightly warmed. He says it does not, however, do to begin 
with this quantity. Two pints are sufficient at first, for 
either in consequence of some peculiar idiosyncrasy, or 
condition of the digestive sy^feem, a larger quantity may 
produce sickness and diarrhoea. 

Even later on, it is generally necessary to add something to 
the milk to overcome the distaste which patients complain of 
after a prolonged use of skim milk. 

In the beginning of 1870, 1 found that a medical man at 
Smyrna had advised a gentleman, about whom I was 
consulted, to eat a raw onion along with the milk, and this 
had the desired effect of overcoming his dislike to the milk 
diet. 

Notwithstanding my great partiality for milk diet in the 
treatment of disease, I do not at all agree with those gentle- 
men who suppose skim milk to be a specific in any one form 
of Bright's disease^ diabetes (a) or disease of the supra-renal 
capsules. 

The skim milk recommended no doubt is an important 
adjunct, as it presents us with an easily assimilated, nou» 
stimulating diet; one* too, containing a protein substance 
casein, closely allied to the protein substance albumen^ 
which is being drained off from the blood by the kidneys, 
and whose place must in some way or other be supplied in 
order to prevent the patient dying from exhaustion. The 
question, howet er, is. Is skim milk the best means of fulfilling 
our object ? 

In my opinion it has its advantages and disadvantages. 

The former are^ its being a non-stimulating, easily assimi- 

(a) P^ let^irs 1^ the ^ncd, from Tbgm, 19tb February, also frota 
])onk^ H%y, and More, )(arcb, 11170. 
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lated food ; the latter are ita liquid form, and the great balk 
necesaary to be taken in order to obtain the requisite amount 
of solid material. I was once seriously asked by a barrister 
who was suffering from albuminuria if strawberries and cream 
were not a cure for Bright's disease ; and on inquiring, was 
told that one of his friends had been <* cured by eating them." 

My reply was ** certainly an admirable one, for it furnished 
the patient with a nourishing, non-stimulating diet, and 
allowed the healing powers of nature and other remedial 
agents time to do their work." I fear I look upon skim 
milk much in the same light as I did the strawberries and 
creim — an important adjunct to treatment, nothing more. 

Before leaving the question of treatment, as a sequel to the 
general principles just enunciated, I may add a few words 
regarding the especial treatment of certain of the more 
common forms of albuminuria. 

Ist. In Acute Bright*s Disease cupping, dry-cupping, 
leeching, or fomenting the loins ought immediately to be had 
recourse to, according to the urgency of the symptoms and 
the constitution of the patient. In the beginning, diuretits 
must be scrupulously aroided, and even in the second stage 
only those of the antiphlogistic Tariety are admissible. The 
bowels are to be made to act freely ; the action of the skin 
and lungs increased. The quickest, and in many oases the 
safest, way of doing this is by using the hot-air bath as 
described at page 334 ; and it is astonishing how rapidly 
beneficial its employment may sometimes be. On one 

« 

occasion I was Tory forcibly struck with this, in the case 
of a little child, who speedily recoTered, after being almost 
moribund from the united effects of dropsical effusion and 
ursemic intoxication. The case was one that I saw along 
with Mr. Brown, of Finsbury- circus, and, if I remember 
i rightly, the age of the child was not more than fifteen or 

eighteen months. 



I 
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2nd. In Fatty Kidney, in addition to the means already 
indicated, great attention muBt be paid to the improvement of 
the general health, for in the majority of these caaeB the 
affection ia more frequently due to constitutional peculiarity 
than to an accidental cause. Fresh air and regular exercise 
within the margin of fatigue, together \vith light, non* 
oleaginous foods, are to be prescribed. Change of air and 
hot salt-water baths ought, in the early stages of the affection, 
alike to be had recourse to. When tonics are given they 
should be of the astringent and acid kind, except when 
counter-indicated by any constitutional peculiarity. 

3rd. In the Amyloid variety of Renal Degeneration, which, 
as already shown, is frequently the result of a syphilitic 
taint, the j udicious employment of the bichloride of mercury 
is often of much use ; but care must be taken to stop as soon 
as the mercurial fcetor of the breath becomes distinct, and 
before the gums are affected, for such patients do not readily 
tolerate the reducing action of mercury. The calomel vapour 
bath is likewise sometimes very useful. It will be often 
necessary to combine with this treatment the administration 
of port wine and light nutritious foods. 

4th. Atrophied Kidney must be treated upon the general 
principles already enunciated^ and, of course, it is one of the 
most suitable of all renal affections for increasing the action 
of the skin and lungs. Milk diet is here of the utmost 
value, and so also the pure albumen treatment deseribed at 
page 343. 

In it, as well as in all cases of confirmed albuminujia, we 
may occasionally be enabled to prolong the life of our patient 
from the free action of the skin being periodically induced by 
the Turkish bath, and when that cannot be obtained the 
hot vapour bath may often be substituted with advantage, 
care being always taken to employ the bath periodically and 
at short intervals; for then alone can we expect advan* 
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tageoualj to make the skin Tieariously perforin the function 
of the renal organs. 

In the latter stages of atrophied kidney, as well as in the 
fatty and waxy forms of kidney disease, the symptoms of 
unemic poisoning may sometimes be diminished by admi- 
nistering small doses of tartar emetic. Indeed, Dr. Lang, of 
Kbnigsberg, recommends the use of tartarised antimony in 
the orsemia that follows acute ezanthematous diseases, (a) 
My own experience leads me to prefer effenrescing valine 
mixtures. Small doses of Liquor Strychniee and Yini 
Ipecacuanhie are frequently of much service. 

0th. Regarding Puerperal Albuminuria, sufficient has 
already been said at page 338 to serve as a guide to its treat- 
ment. All that need here be added is, that premature labour 
ought only to be had recourse to in those forms where the preg- 
nancy is associated with true kidney disease, or where there is 
reason to anticipate the occurrence of convulsions either at or 
before the time of delivery. Premature labour may also 
successAiUy be had recouise to in the earlier months of 
pregnancy, when the health of the mother is rendered 
precarious by the constitutional disturbances arising from 
the albuminuria. 

Thus, Dr. Lee related a case to the Medical- Chirurgical 
Society in 1863, in which he had induced the expulsion of a 
fourth months' foetus in a pregnancy complicated with 
albuminous urine, dropsy, and amaurosis, after which the 
albumen gradually disappeared, and the vision of the patient 
improved. 

When in the ceurse of puetperal albuminuria convulsions 
have once manifested themselves, the readiest and safest 
means of subduing them appears to be by the free administra- 
tion of an anesthetic, as pointed out at page 339. 

(a) BrU, Med. Jour., January fil, 185e. 
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6th. As regards Albuminuria associated with Organic 
Disease of the Heart, Liyer, or Pancreas, as well as in that 
yariety the concomitant of general affections, the principles 
already indicated must serve as the lai^dmarks to the treat* 
ment of the renal disturbance ; whereas the other disease or 
diseases forming the complication are to be treated according 
to their special requirements ; always remembering that the 
removal of the cause, rather than the mitigation of its effects, 
ought to be the first consideration. 

7th. Albuminuria with Dropsy. In addition to the general 
principles previously enunciated, it may be as well to remark 
that when the dropsy becomes, as it frequently does, one of 
the most distressing symptoms to the patient, as well as the 
most baffling to the skill of the medical attendant, totally 
defying the action of elaterlum, jalap, and other remedies. 

Immense benefits often follow the mechanical removal of 
the fluid from the oedematous limbs by acupuncture. Many 
practitioners object to the employment of acupuncture in 
dropsical patients, on the grounds that its beneficial effects 
are only transitory, and because some sloughing occasionally 
follows at the seat of the wounds. My experience, 
which has now been pretty extensive, leads me to the 
very opposite conclusion. In the first place I have never 
seen sloughing follow the use of the needle; whereas, 
on the other hand, I have witnessed very extensive sloughing 
in dropsical patients where no such remedial means have 
been had recourse to. The very worst example of this kind 
was in the case of a lady, whom I saw in consultation along 
with Mr. Marshall, of Bedford-square, where over both the 
lower limbs were ugly black sloughs varying in size from a 
shilling to that of the palm of the hand, which a timely use of 
the needle would, in my opinion, (a) have probably prevented. 

(a) I prefer the tubular steel needle to anything elao. 
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Again, bo far from the benefit of acupuncture being only 
tranaitory, I haye known, when properly done, ita beneficial 
effectt kept up, not only for days, but for weeks. As a good 
example of the yalue of artificial draining in cases of cardiac 
albuminuria with extensiye anasarca, I cannot do better than 
allude to a case I seyeral times saw in consultation with 
Br. J. M. Ramsbotham. From his ably written report is 
taken the following extract, which is all the more yaluable as 
a contribution to the question of treatment by acupuncture, 
from the fact of the writer being totally unaware of the point 
which the report was intended to illustrate. Consequently 
Br. Ramsbotham has giyen no special prominence to the 
question at issue, but simply related inter alia the effects of 
the artificial drainage by acupuncture. 

The patient, a gentleman aged 37, suffering from mitral 
disease with hypertrophy and dilatation of right yentricle, was 
first seen by us in January, 1869. In February the urine 
was ascertained to be of a s. g. of 1015, and loaded with 
albumen. Under treatment the albumen diminished and the 
patient gradually improved, until, contrary to medical adyice, 
he went on a yisit to Hastings. Here I take up Br. Rams- 
botham's own report, and giye it yerbatim : — 

** In the beginning of June, 1869, after a. yisit to Hastings 
without sanction, matters assumed a yery serious aspect, all 
the symptoms being greatly aggrayated, orthopnoea yery 
distressing, the only mode of getting eyen a short nap was 
by resting the forehead on a pillow, fixed against the bed- 
post, secretion of urine diminished, with increased amount 
of albumen, anasarcous condition of the whole body, face, 
arms, chest, abdomen, the penis and scrotum enormously 
distended, thighs and legs more than twice the natural size, 
brown tongue, rambling, and threatening uraemia ; indeed, 
the condition was such as to warrant the opinion that he 
would not live forty-eight hours. The treatment consisted of 
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enclosing the legs in a hot-air hath, after puncturing them 
freely ; the administration of Tinct. Digitalis and Scillse in 
Decoct. Scoparii. The amount of fluid discharged from the 
punctures was enormous, and in some parts of the ]eg 
threatened to slough, hut the good effect of the dfainage 
was yery decided ; the swelling in different parts of the hod j 
hegan to subside and gradually recovered the normal size, 
with the exception of the thighs and legs, which always 
remained, notwithstanding a moderate amount of constant 
drainage. By the 14th of July he had so far recovered as to 
be able to call upon Dr. George Harley, and continued so to im- 
prove up to the middle of August, that is to say, there was less 
dyspnoea and embarrassment of heart's action, less albumen, 
but the urine never free from it ; the legs continued still much 
enlarged, with great thickening of the integuments, but still 
discharging freely and constantly. At the end of August he 
had a relapse without any apparent cause, aggravation of all 
the symptoms, but not to the alarming extent of the attack in 
June — ^this attack also subsided as befor^ and under much the 
same treatment. He was seen again by Dr. George Harley 
about the end of November, and continued much in the same 
condition till the end of January, 1870, at which time there 
appeared to be a great improvement or rather abeyance, that is 
to say, less dyspnoea and cardiac symptoms, more sleep, better 
appetite, more action of skin and kidneys, but the urine still 
contained a large amount of albumen, the thighs and legs 
continued very much enlarged, but discharging freely; and 
he was enabled occasionally to leave his bed-room and get 
down-stairs, but as there was some difficulty in re-mounting, 
this luxury was not often indulged in. 

'* Mr. F. continued much in the same condition, with but 
little variation, till the middle of May, when it was his 
opinion that he should never get better unless he went out 
of doors (notwithstanding all the plain speaking he till 
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then dung to the idea that he should get better) ; this he 
aocordingly did, having a drive in a carriage, but t|la not 
being sufficient to satisfy him, he determined to call St his 
fatSier's house in the same street, four doors from his ovn, 
disdiarging the carriage, further determining to walk home. 
This feat was accomplished, but with great difficulty, followed 
by increased dyspncea, and great aggravation of all his 
symptoms. On the 24th May he had suppression of the urine, 
and the drain from the legs ceased ; he became uraemic, and 
died on the 28th of the same month." 

This case requires no comment from me. It speaks for 
itself, seeing that the artificial drain from the legs was 
beneficially kept up from the beginning of June, 1860, until • 
the end of May, 1870, a few days less than a year. 

J am glad to find Dr. Handfield Jones, in a communication 
made to the Clinical Society, 10th February, 1871, advocating 
this line of treatment. He treated a case of anasarca by making 
a single puncture in the calves of both legs with a fine trocar* 
and, after withdrawing the stilette, left the canula opai for 
several hours, to allow the fluid to drain away. In this 
manner he succeeded in the first operation in drawing ofi 
sixty measured ounces of fluid from the right leg, but only 
ten from the left, in consequence, he supposed, of the canula 
not lying properly in the subcutaneous cellular tissue. In a 
second operation on the same man, three days afterwasds, Dr. 
Handfield Jones drew off 120 ounces of fluid, besidte a great 
deal which ran from the punctures for several days afterwards, 
suffident ts •mkUrekte three blankets. For the performance of 
the operation, the man was placed in a sitting posture, and 
this he considered important, as it facilitated the draining 
away of the fluid, (a) In the course of the discussion which 
followed the reading of the paper, Di. Hilton Fagge judiciously 



(a) Lanutf 4th Ifarch, 1871. 
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remarked that the surrounding skin should be thoroughly 
greased, so as to avoid all contact between it and the 
discharge. 

A great deal more might be writtea regarding Albuminuria ; 
but I think that enough has been said for my present purpose, 
which has been merely to point out the general principles 
which ought to guide our diagnosis and treatment. 

Every one must feel convinced that the employment of the 
microscope is as indispensable to treatment as to diagnosis. 

« 

Thus, Aitken says : — 

** Without the microscopic examination of the urine from 
day to day it is impossible to distinguish between a case likely 
to improve under treatment; and one which may be viewed as 
hopeless, and without the daily use of the microscope the 
treatment becomes at the best but merely guess-work." (^) 

It must be borne in mind, too, that as one swallow does not 
make a summer, neither does one tube- cast in kidney disease 
at tiny time suffice to establish an exact diagnosis* This can 
be easily understood when it is recollected that the deposits 
in the urine are but the representatives and results of the 
morbid change occurring in the renal tissue at the moment of 
their detachment ; and as disease is never stationary, it is only 
by comparing the character of the lenal debris of one period 
with that of another that we are enabled to establish the 
exact character of the affection, and disccyer whether it is 
marching on to a fatal termination or gradually retrograding 
to a point within the boundaries of healthy action. 

(a) Aitkon's " Science and Practice of Medicine." 2nd ed., -vol. ii. p. 824. 
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ing? 187 

intermittent deposition of, 

in urine 168 

treatment,diet to be avoided, 

benefit of mineral adds . 189-SO 

arrest of its formation by 

diminishing supply of sulphur 
to the body . . .193 

add treatment in diathesis 

of 194 

See Calculi. 

Cysts. See Hydatid, Ovarian 
Tumours. 



D. 

Davy, xanthin abundant in urine 

of spiders 200 

Day, peroxide of hydrogen in 

diabetes 281 

Degeneration (fatty). See Kidney. 

(waxy). See Kidney. 

Deininger, case of anuria renalis, 

with urea discovered in the 

skin 333, note 

De Luca. See Berthdot. 
Denican, alum and rhatany in 

diabetes 281 

Deposits (urinary). See under 

Urine. 
Dessaignes, artificial hippnrio 

add 88 
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Diabetes, increase of urinary solids 

in 86 

increase of urea in . 60-1 

' testing for urea in . . 61 

decrease of uric add in . 79 

inofiitein .... 174 

Diabetes mellitus— 6?Zuco«itWa — 
SaechariTU Urine-^ita Nature and 
Rational Treatment , . . 210 

its early history since its 

discovery in 1674 by Willis . 211 

discoveries of Dobson, Cow- 
ley, Bollo, &c 211 

its recent history^ discoveries 

of Bernard, &c. . 212-13 

chemistry .... 213 

tests for .... 216 

tests for, when with albumi- 
nuria ' . 217 

analysis by fermentation pro- 
cess 221 

quantitative analysis . .219 

physiology .... 222 

influence of the nervous 

system on 237 

pathology .... 238 

injuries and diseases to which 

traceable 239 

sometimes hereditary . . 239 

its two forms : from excessive 

formation and from defective 
assimilation .... 240 

its two forms : means of dis- 
tinguishing . . 240-1 

from excessive formation: typi- 
cal cases of, treated by oonia, 
cannabis indica, &c. 269-64 

from diminished assimilation : 

typical cases of . 264-69 

nerve lesion and disease as a 

cause of .... 242,261 

from injuries to the brain 

and head .... 216-7 

from pressure on, or injury 

to the fourth ventricle 246-7 

associated with epilepsy . 249 

in cases of cerebral disease 

24^-60 
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Diabetes, from over-mental exer- 
tion .... . 260 

from lesion or pressure on 

the pneumo-gastric and sympa- 
thetic 261 

from disorders of the digestive 

functions 262 

- — means of artificially inducing 
by excitation of pneumo-gastric 
nerve 243-4 

artificial induction of, by 

injection of stimulants . 262-6 

treated by saccharine diet 266-7 

use of a partly vegetable diet 

in 268-9 

treatment by restricted 

diet 276-9 

treatment by tonics, &c. 280-2 

treatment by chloral hydrate 282 

treatment by skim milk 

diet 282 

avoidance of all sugars and 

foods containing starch in 277-8 

wines which are to be avoided 279 

danger pf relapse after appa- 
rent cure 277 

acute 269 

intermittent .... 270 

complicated tvUh other disease . 270 

with cataract .271 

with albuminuria, cases 

272-4 

with chylous urine . 274 

with boils and impo- 
tence 275 

See Urine (saccharine). 

torulee, or sugar fungi in 

urine in 218 

Diaphoretics in kidney disease . 335 
Diet. See Food. 

influence of different diets 

on excretion of urinary solids . 28 
Digestion, imperfect, temporary 

albuminuria from . 312 

Digitalis, increase of urinary 

solids by . * . . .86 

diminishes urea . . .56 

with quinine, in gout . . 28 

▲ A 2 
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Dueare, a change in the quality 
or quantity of nonnal sub- 
stances IH 

infloenoe of, on quantity of 

urine 28 

the urine in tJu diagnosis of . 1 

changes in eompoaiUon of the 



urine induced by 

influence on the dafly excre- 



tion of urinary solids 

capes iUustrating the diminu- 



25 



88 



38 I 



84 ' 
886 ; 

I 
211 I 



tion of urinary solids from 

case of increase of solids 

from . ' 

Diuretics in kidney disfase . 

Dobson (M.]> sugar discovered in 
the blood in diabetes, 1774 

Donkin, plan of treating albu- 
minuria with skim milk . 844-5 

Draper, effect of exercise on 
urea 46 

Drink,influence of ,on quantity of 
urine 18 

changes in composition of 

urine induced by . » » .26 

influence on excretion of 

urinary solids .... 29 
Dropsy in albuminuria,treatment 

by acupuncture . . 849-^2 

Duncan, diabetes in hypertrophy 

of the lumbar sympatlietic . 251 
Dyce, on bleeding in puerperal 

convulsions .887 



E. 



£astlake, diabetes complicated 
with albuminuria . . . 272 

Eiselt, black urine in melanotic 
cancer 119 

Elliott and Van Arsdale, in- 
frequency of albuminuria in 
pregnancy 314 

Epilepsy, increase of urea in .60 

£t her, sulphuric, diabetes induced 
by 252 



Exeretioii, daily, of mine . . 17 
Exhalations, cutaneous and pul- 
monaryr influence of, on quan- 
tity of uiina .. ^ . . 20 



F. 



FiBoes, infloenoe of, on quantity 
of urine 22 

Parming, sdentiflc, a collateral 
illustration of scientific medi- 
cine 190-2 

Fat, urea lessened by . ^ .48 

Fevers, excess of uric acid excre- 
tion in 71 

See BemiUetUy Tjfphoidy 

Yellow. 

Folwarczny, no chlorides in urine 
a£ter salted, diet . . 97 

aboense of ehloridfia in heart 

disease . . . .97 

Food, influence of, on quantity of 
urine 18 

changes in composition of urine 

induced by . . , ^26 

animal, change of into sugar 

tiirough transition stage of 
starch . . > 228 

saccharine, givoi by Korry 

in diabetes 266 

France, frequency of cataract in 
the diabetic . . . .271 

Franque (Von), tables showing: 
effect of food on elimination of 
urea ..... 45-6 

urea in starvation .. . 47 

urea from the muscles . . 47 

Frerichs, urea in starved dogs 46 

diagnostic value of leudn in 

hepatic disease .... 204 

leucin in typhus with jaun- 
dice 205 

test for tyrosln . . . 207 

tyrosin in atrophy . . 208 

See Staedeler. 

Frick, oxaluria .... 167 
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'G. 

Galloia, healthy uiine devoid of 
inoeite ...... 173 

inoaite in urine from intper* 

fection of gluoogenic functioix 
of liver 174 

Garrod, urea in the blood . . 44 

uric acid crystalB from blood 

of gouty patients . . .79 

chalk stones, urate of soda 

crystals 81 

Gegenbaur and Harley, prepon- 
derance of inorganic salts in 
case of albuminuria . . .87 

decrease of urea in albumin- 
uria 62 

on tke blood and urine of 

albuminuria of preg^iancy . 315 

Gelatine, urea increased by . .49 

Gibb, cancer of viscera, with 
albuminuria and saccharine 
urine • 274 

Gigon, on albumen in healthy 
urine ...... 288 

Gluoogene, its discovery by 
Bernard in 1857 . .289 

its appearance and proper- 
ties 229 

its composition . . . 230 

in various fluids, &c. of 

herbivora 280 

its uses in the economy . 281 

its transformation into sugar 

in the liver after removal from 

the body 281 

' Gmelin, cholesterin in urine . 181 

See Tiedemann. 

Goolden, diabetic urine in injury 

to occiput ..... 247 
Gorup-Besanez, leucin . . 204 
Gout, due to excess of add in the 

system 88 

decrease of urinaiy solids 

before and dming paroxysm . 86 

decrease of urea before . 61 

decreased excretion of uric 

* AOid before . . - 79 



PAOK 

Gout, analysis of urine in a 

case of 80 

arrest of uric add formation 

in, by colchicum ., . .81 

arrest of ditto by acetate of 

■ potash 82 

quinine, colchicum, and digi- 
talis in 82 

See ChaXkatonea. 

Graefe, diabetes from division of 

splanchnicB .... 244 
Gravel, uric add, not confined to 
the urine of the well fed and 

corpulent 77 

case of, in a patient on starv- 
ing diet 78 

phoaphatic . . . .139 

Green urine, case . • 113 

Grtlner, sulphuric add in urine . 168 

H. 

Hallwachs, large quantity of hip- 
puric acid in mine . .87 

Hammond, effect of labour on 
urea 46 

effect of coffee on urea . 48 

Harley (G.), amount of urine 
passed on a mixed diet . .. 19 

urea in starved dogs . . 46 

colouring matter of the urine, 

uroheematin .... 100 

black urine in melanotic can- 

eer 119 

leucin in urine in acute atro- 
phy 204 

diabetes artificially induced 

by stimulants to portal circula- 
tion 212,244 

siig^ in circulation not 

burned off in lungs . . 218, 283 

sugar formation in liver . 233 

diabetes induced by aspara- 
gus diet «6fl 

anessthetic mixture . 838 

discovery of iron as a normal 

constituent of urine . . .312 

See GegenhaWf Sharpejf. 
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Hfliwftll on* indiffo in mine 
(notioe) .... 118,117 

phosphate of lime cryitals 125-6 

dumb-bell oxalate of lime 

cryvtalfl ..... lOG 

error relative to non-value of 

iron in renal disease . . 311 

Haughton, ezoew of urea in 
diabetes from deoompoaition of 

protein 864 

Head, injuries to, diabetes in 

cases of .... 246-47 
Heintz, urate of soda . .68 

creatin in urine . 176 

Heller, colour of urine from uro- 

xanthin 100 

sulphuric acid in urine. . 169 

Henry, cystin stone, irith uric 

acid covering .... 186 
Hensen, urea in ^ilepsy . . 60 

saccharine function of liver 290 

Hervier, hippuricacid in diseased 

blood 90 

Heynsius, salutary effect of acids 

in albimiinuria explained . 941 
Hingston, exudation of oxalate 
of lime crystals in retention of 

uiine 166 

Hippuric acid, in keaUh and in 

disease 85 

chemistry of .... 85 

transfoimation into benzoic 

add 86 

method of analysis . . 86 

physiology of . . . .87 

its origin in the body . . 87 

in the blood .... 89 

large quantity of in normal 

urine 87 

largest quantity from a 

vegetable diet .... 88 

-increase of in animals by 

exercise 89 

from human urine 7 

crystals of, from human urine 89 

pathology of .... 90 

increase in diabetes, and all 

febrile affections . , .90 



I PAOB 

I Hippuric acid, remedies affecting 
its increase .... 

augmented by balsam of 

i Pteru 90 

unchanged in urine -when 

taken internally 

Hofmann, test for tyrosin . 

Holwell, thirstrelievedbysnddiig 
of perspiration .... 

Hyaline casts in waxy kidney 

Hydatid cysts, diolesteiin in 

Hydrocele, cholesterin in . 

Hydrogen, peroxide of, in dia- 
betes (Day) .... 

Hysteria, only a term used as a 
doak for ignorance . 



90 



90 
207 

9 
907 
180 
180 

281 

109 



I. 

Idiocy, diminished excretion of 

ureain 60 

Imixitence in diabetic patients . 275 
Indigo in urine .... 113 
Indigo originally white, changed 

to blue by oxidation . . 116 

Inosite, its chemistry . . . 170 

analysis, tests, &c. 17&-1 

discovered by Scherer inl850 

in the heart .... 170 

of baryta crystals . 172 

physiology .... 172 

pathology .... 173 

in musdesy bndn, &c. . . 173 

cases of its occurrence in 

disease (Bright's disease, dia- 
betes, fto.) 174 

in urine, from imi)erfection 

of glucogenic function of 

Kver 174 

Inosuria 170 

no diaracteristic symptoms . 173 

Insects, solid urine of . . .4 
Iodine, tincture of, in albuminu- 
ria 340 

Iron, in colouring matter of urine 100 

a normal constituent of 

human urine . . ^ ^342 
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Iron. See Quinint and iron. 

ammonio-citrate of, reduc- 
tion of quantity of urine by . 

ammonio-citrate of, reduc- 
tion of urinary solids by . 

syrup of phosphates of, in 

excess of uroheematin 



24 



86 



112 



J. 

Jacksch, ammoneemia . 
Jackson (H. ) t urine in x)emphigus 

zanthin in diabetes 

diabetes in disease near the 

calamus scriptorius . 
Jackson (T. C), urohsBmaturia . 
Jaundice, decrease of uric acid in 
benzoic not transformed into 

hippuric acid, in . . . 
Jessen, diabetes in horses from 

damaged hay diet 
Jones (Benoe), urine alkaline 

immediately after food 
phosphoric add diminished 

in delirium tremens . 
• increase of sulphuric acid in 

delirium tremens 

renal cystin calculus . 

cryBtalline deposit of xanthin 



64 

83 

200 

249 

110 

71 

90 

266 

9 

186 

169 
194 



in urine 200 

— See BrUcke. 



Jones (Handfleld), on acupunc- 
ture in anasarca with albumi- 



nuria 



862 



K. 

Kaupp, reabsorption of solids of 

urine into circulation . . 22 
Kidneys, the " safety valyes " of 

the system 22 

the "scavengers" of the 

system 26 

encephaloid cancer of .^ .811 

atrophy of .... 809 

atrophy of, treatment . , 847 



PAGB 

Kidneys, fatty degeneration, with 
permanent albuminuria . . 8C3 

tube casts and epithe- 
lium in 804 

treatmrait . . 847 

tuberculous, scrofulous, and 

cancerous degeneration of . 810 

amyloid degeneration, hya- 
line casts .... 806-7 

— : treatment . . . 847 

hypertrophied, in albumin- 
uria 302 

Kierulf , urine albuminous after 
injecti6n of water into the 
blood 29 

King, case of increase of urinary 
solids from disease . . * 84 

Kletzinsky on xanthio oxide in 
excrements of chameleon . . 4 

benzoic acid for cUminishiTig 

urea 66 

increase of hippuric after 

taking benzoic acid . . .90 

Kryptophanic add (Thudichimi). ^ 



Laboratories, physiological, their 
spread and use .... 194 

Lang, tartarised antimony in 
uraemia 848 

Langenbeck*s specimen of xan- 
thin calculus .... 201 

Lassaigne, urea in starvation . 46 

Laudet, cases of diabetes in cere- 
bral disease .... 249 

Lecanu, urinary solids . . 29 

blue colouring matter in 

blood 116 

yellow colouring matter in 

blood 116 

L^conte, sugar in urine of dogs 
from nitrate of uranium . . 266 

Lefort. See FoiseuiUe. 

Ldmiann, effects of different 
foods on amount of urine 
secreted 19 
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PADS 

Lehmann, experiment on effects 
of different diets on excretion 
of urinary solids . . 27, 2S 

effects of exercise on nrea . 4B 

daily amount of uric acid 

passed 66 

urate of soda .68 

decrease of uric add in 

diabetes 79 

hippuric acid in diabetes . 90 

importance of salt in cell 

development .... 95 

cholesterin in choroid plexus, 

&c 180 

Leudn, ehemittry .... 202 

Scherer's test for . . 202 

globules of, from urine, in 

chronic atrophy of the liver . 203 

phytiology .... 204 

a normal constituent of the 

spleen, liver, lungs, &c. . . 204 

a transition product in the 

metamorphosis of albuminoid 
substances .... 204 

pathology .... 204 

its clinical signiflcance . 202 

diagnostic value in urine, 

in heiAtic disease and 

atrophy 204 

in urine in typhus and small- 
pox 206 

Liebig, urate of soda . .68 

discovery of hippuric add in 

urine 87 

-" — discovery of creatin in juice 

of flesh 176 

creatinin .... 176 

agricultural chemistry . . 190 

leudn 204 

Lime in drinking water, injurious 
character of, in oxaluria . 165 

with mUk, g^yen to i)ea8ant 

children near Giessen to 
straighten their limbs . . 137 
oxalate of, means of detec- 
tion 161 

crystals of, from human 

urine 152 
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lame, oxalate of, in urine, the pro- 
duct of decomposition of uric 
add 161 

in first urine passed 

in cholera .... 164 

case of exudation of 

crystalsof on the skin, in retoi- 
tion of urine .... 166 

phosphate of, appearance of 

crystals of, in urine . 1^5-7 

superphosphate, its value 

in rickets 137 

liston, cystin calculi crushed by 195-^ 

Idver, the sugar-forming organ in 
the camivora .... 225 

rapid transformation of 

glucogene into sugar in, after 
death . . . . ' .231 

nerve action in stimulating 



its saccharine secretion 
— disease of, deposit of uric 



242 



71 



acid in urates 
Lucke, hippuric add increased by 

fruit diet 88 

Lungs, exhalations of, influence 

of on quantity of urine . 
excretion by, of organic and 

inorganic substances 
Luys, diabetes for four years in 

lesion of the fourth voitiide . 249 



20 



21 



Macgregor, sugar in vomit of dia- 
betic patient . . .212 

Maclagan, xanthin in urine of 
hysterical <girl .... 200 

3£agrath, albuminuria of preg- 
nancy 320 

Malm^ton, increase of uric add 
in eczema, pemphigus, ftc. 88 

Slania, excess of phosphates in 
urine in x>aroxysm of . 136 

temi)erature of urine in . 15 

Marcet, Senior, renal cystin cal- 
culi 194 

discovery of xanthin . . 198 
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Maxcet. See VerdeU. 

Marshairs case of exfoliation 
of bladder, ammoniacaliirine in 64 

albuxuinuria with dropsy . 819 

Martin (M.)» p(dydipsia in con- 
cussion of brain . . 248 

Medicines, changes in compoaUion 
of urine induced by . . .25 

influence of, on quantity of 

urine 23 

effect on the urinary solids . 86 

their impotence, chiefly from 

the want of knowledge of those 
emplojringr them 84, 168 

Melanin in urine in cases of mela- 
notic cancer, &c. . . 119-20 

normal and pathological, the 

same in api)earanoe and pro- 
perties 120 

not from malignant diseaoe 

when accompanied with albu- 
men 120 

Meningitis, tubercidar, tempera- 
ture of urine in ... 16 

Michel, albuminuria from section 
of renal nerves .... 290 

Milk, skim, diet in diabetes . 282 

use of, in albuminuria . . 844 

Donkin's plan of treating 

Bright*s disease by . . 844-6 

Mind, over-exertion of, a cause 

of diabetes .... 260 
MolUties ossium, supply of phos- 
phates in 188 

Mosler, hereditary character of 

diabetes 239 

Mucus in urine, testing for urea in 61 
Muller, inosite in brain . . 178 

cholesterin in urine . . 180 

cystin calculus from bladder 194 

Munk's case of green urine . 118 

case, showing the changes 

effected in the colouring matter 

116-17 
Murchison, leudn in urine, in 

typhus, with jaundice . . 206 
Murexide reaction of uric acid, 

tyrosine, caffeine, ftj. . . 63 
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N. 



Narcotics, effect of in reducing 
urinary solids .... 85 

Nephritis, symptoms of . . 296-7 

See BrigMs disease. 

Nerves. See Pneumogastrie. 

Nerve-force, origin of that con- 
trolling the secretion of sugar 

285-87 

Nerve-lesion,excess of phosphates 
in urine a sign of . . . 184 

a cause of diabetes mellitus 

242, 251 

albuminuria from . 818 

Nervous system, diseases of, 
albuminuria in . . . 294 

diseases of, cystin in . . 197 

diabetes in 

188, 288, 249, 250 

phosphoric add in . 188 

urea in . . . .60 

urohsematuria in . 109, 

110, 116 

Neubauer, urea from uric acid . 47 

excretion of creatinin . . 176 

xanthin in urine . . 200 



See Vogel, 



Neukomm, cases of disease, with 
inosite .... 178-4 

leudn 204 

tyrosin in atrophy , . 208 

Nitrate of urea. See Urea. 
Noble, cases of acute diabetes . 269 
Nyman, diabetes mellitus from 
pressure on the pneumogastrie 251 



0. 



Oil. See Cod Liver. 

Ovarian cysts, ch(desterinin fluid 

of 180 

Owen, passage of oxalate of lime 

calculus 166 

Oxalic add, chemistry of . . 151 

quantitative analysis . . 168 

physiology . . .154 
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Oxalic add, its ^de difPasioii in 
the vegetable Idngdom . . 164 

In the human blood . 166 

>~— intermediate in the retro- 
grade metamorphoda of tiaauea 
and albuminoid food . 166 

— various substances trans- 
formed into, in the system . 166 

pathology .... 167 

diathesis, oxaluriaf mtdberry 

ealeulif &e 161 

in gouty oonstitutiona . . 161 

diathesis. Bee Oxaluria. 

See CcdaiU (mulberry). 

Oxaluria, or oxalic acid diathesis, 
8ympt<nns and consequences 167-^ 

abnormal deposition of phos- 
phates in the urine in . . 168 

treatment of . . 168-6 

the consequence of impeded 

respiration 163 

injurious artides of diet 

in 164 

lime in drinking water to be 

avoided in 164 



P. 

Paralysis, excess of phosphates 
in urine in . . 133-4 



Parkes, excretion o? urea . 

excretion of urea in typhoid 

mean solids in twrai^-f our 

hours' urine .... 

remedies for increasing or 

decreasing excretion of urea . 

mean of uric add i>aB8ed in 

twenty-four hours 

increased excretion of uric 

add in disease .... 

decrease of uric add in re- 
mittent fever .... 

hippuric add in all fevers . 

mean amount of dxlorine in 



twenty-four hours' urine . 
— increase of ddorides in urine 
in ague 



45 

49 

32 
66 
66 

71 

79 
90 

96 

98 
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Parkes, increase of sulphmic add 
in febricula .... 169 

albuminuria of pregnancy . 814 

influence of food on quantity 

of albumen eliminated by 
kidneys ..... S43 
Pavy, error as to a post-mortem, 
cause of formation of sugar in. 

liver 232 

codeine in diabetes . 282 

Fdouze,oompo8itionof glnoogene 230 
Pfeufer, acetate of potash in 

gout 82 

excess of diabetes at 

Hdddberg (wine) and none at 
Munich Hospital (beer) . 252 

Phosphates, chemistry of . . 122 

quantitative analysis . . 127 

method of analysis . 128 

dei)odtion of, by boiling . 127 

excess or otherwise in certain 

foods 129 

physiology of . . . . 129 

various causes of a spon- 
taneous deposit of . . . 130-1 

crystals of, with those of 

uric add 131-2 

pathology of . . . .132 

reduction of, in pneumonia . 132 

increase of, in inflammatory 

nervous diseases . . . 132 

increase of, in phrenitis 

and paralysis, With result of 
analyses 133 

increase in maniacal por- 

.oxysm ..... 135 
—^ supposed excess in disease 

of the bladder .... 135 
diminution in albuminuria 

and gout 136 

excess of in urine, in rickets 

from the bones .... 136 
supply of ,in rickets and molli- 

ties ossium by " Brotopian,"&c. 138 
abnormal depodtion of in 

urine, in oxaluria . . . 159 

— depodted spontaneoudy 
from stale urine . 128 
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Phosphates, triple, crystals of, 
rapidly deposited in urine . 124 

triple, crystals of, slowly de- 
posited in mine . . . 126 

See Limey Soda. 

Fhosphatic salts of ammonia and 
alkalies in diabetes (Basham) . 282 

concretions. See Calculi^ 

Gravel. 

Phosphoric acid, and phosphates 
in diseases of spinal cordf brainf 
bladder f t&c, phosphatie gravel 
and ecUculi: tJieir diagnosis and 
treatment 121 

chemistry of . . . .122 

qnantitatiye analysis . . 127 

Phosphorus, largely in a combined 
state in the body . . .121 

Fhienitis, increase of phosphates 
in 188 

Phthisis, inosite in . . . 174 

Physiology and pathology one 
study 114 

Ficard on urea in the blood . 44 

See Bechamp. 

Pigments, animal, only g^rades of 
oxidation of a -white radical 115-16 

Piorry, on giving saccharine 
matter in diabetes . . 240, 266 

Pneumogastric nerve, pressure 
on, a cause of diabetes mel- 
litus 261 

Pneumonia, deficiency of chlo- 
rides in urine in . . 96-7 

reduction of phosphates in . 132 

Poggiale, glucogene . 829 

Poiseuille and Lefort, gluco- 
gene 230 

FolydiiMsia, cases of, in concussion 
of the brain, &c. . . 248 

Forcher, absence of urea in 
Gharlestown yellow fever, 1846 58 

Potash, acetate of, in gout . . 82 

liquor and bicarbonate of, in 

gout 88 

test for saccharine union . 216 

Potassium, bromide of, in dia- 
betes 282 
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Pregnancy, influence of, on the 
excretion of urinary solids . 32 

albuminuria of . . . 313 

albuminuria of, cases . 314-21 

See Albuminuria. 

Pringle (G.)i uric acid passed in 
twenty-four hours .66 

excess of uric add in winter 66 

experiments with quinine on 

uric add .... 81-2 

analyses of diabetic urine . 245 

Prognosis from daily excretion of 

urea 66 

Protein, change of, into sugar 

through starch .... 228 
Prout, urea from gelatinous tis- 
sues 47 

colouring matter of urine . 100 

Puerperal convulsions. See Con- 
vulsions. 
Pus, blue and green . . . 116 
Pyssmia, urea in . . .60 



Quain, diabetes, with albu- 
minuria 273 

Quantity of urine . . 16-23 

See Urine. 

Quinine, formation of uric add 
diminished by . . .81 

with oolchicum in gout . 82 

dtrate of, and iron, reduc- 



tion of quantity of urine by 
dtrate of, and iron, reduc- 



tion of urinary solids by 



23 



35 



R. 

Bamsbotham, uric acid gravel 
in a subject on starving diet . 78 

diabetes in a case of fall (on 

the head) from a horse . 247 

intermittent diabetes . . 270 

albuminuria, with dropsy, 

acupuncture .... 860 
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Banke, effect of labour on 
urea 46 

urea from Olio add . . 67 

uric add dimixiiahed by 

qujxmie 81 

Baaction of humaniume 9 

Bees, (Owen), oxalate of lime in 
urine the product of decomposi- 
tion of uric add ? . . . 161 

Bemedies. See Mtsdicines. 

Bemittent fever, decrease of uric 
add in 79 

Beptiles, solid urine of . . 4 

B^noso, diabetes from nerve- 
irritation 244 

Bheumatism, due to excess of 
add in system .... 88 

Bichardson, osmose a cause of 
cataract in the diabetic . 271 

Bickets, excess of phosphates in 
the urine in, from the bones . 1S6 

— — - value of superphosphate of 
lime in 1S7 

Binger (S.)* relation of urea to 
temperature of body . . 60 

increase of chlorides in urine, 

in ague 96 

ratio of sugar to urea, in 

urine 264 

Boberts, veside in cell-wall of 
blood corpusdes, shown by 
tannic add .... 800 

Bobin and Verdeil, no urea in 
urine of infants ? . . .44 

inosite in muscular fibre . 172 

Bodier. See Secqtterel. 

Bollo, (J.)f animal diet in 
diabetes 211 

Boome, case of phosphatlc cal- 
culi in right kidney . . .140 

Bosenstein, influence of different 
drinks on diabetes . . . 264 



S. 

Salt, common, effect on excretion 
of urea 48 



PAGE 

Salt, its presence in til animal 
fluids and solids .92 

effect of urea on its crystal- 
lisation 96 

See Sodium. 

Salts, inorganic, in urinary solids 86 

relative amounts of, 

less than organic solids . 87 

reverse of this shown 

in a case of albuminuria . . 87 

mode of ascertaining 

amount of 40 

Sanger, excretion of urea in idiocy 60 

Sanson, yellow pigment in blood 116 

Scanzoni, albuminuria of preg- 
nancy 816 

Scherer, more mine passed pro- 
portionally by children than 
adults 28 

urea in starvation . 46 

murexide reaction of ty- 
rosine, &c. . . .63 

extraction of colouring mat- 
ter of mine .... 100 

process of extracting colour* 

ing matter of urine . . 102 

deposition of phosphates by 

boiling 127 

discovery of inosite in 1600 . 170 

xanthin 199 

— *-leucin 204 

tyrosin in atrophif . . 206 

glucogene in musdes of 

horse 280 

Schiff , carbonate of silver test for 

uric add . . . . .63 
'— albuminuria from division of 

cerebral pedimdes . 280 

Schloesberger, hippuric add in 

iehthsfids 90 

Sdmud^prea in starved dogs . 46 

sugar formed in the liver . 225 

See Bidder, 

Semmola, electridty in diabetes . 281 
Serpents, urine of, almostenfirely 

uric add 64 

Sex, influence of, on quantify of 
, urine 22 
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Seoc, influence of, on the imnary 
eolids 80 

Sharpey and Harley, gluc(^;ene 
transformed into sugar after 
death 231 

Sieveking, increase of urea in 
epilepsy 50 

Sigmund) digitalis for decreas- 
ing, cubebs, &c. for increasing, 
urea 66 

Sigwart, yellow pigment in 
blood 116 

Silver, carbonate of, test for uric 
acid 63 

Skin, exhalations of, influence on 
quantity of urine . .20 

Sloane, saochajine diet in dia- 
betes 267 

Smee, fibrin produced from albu- 
men by current of oxygen gas, 
but not from albiuninous 
urine 290 

Smell of human urine . 8 

Smith (E.), increase of urea from 
labour 46 

Soda, urate of, deposit in joints 
before and during gout . . 81 

phosphate of, elimination of 

UTicaeid-by .... 88 

three forms of, in 

urine 127 

Sodium, chloride of, it$ uses in 
the animal body^ the amount in 
the urine during disease, and its 
effects as a remedy . . 8Sy 91 

chemistry ef . . .91 

— quantitative analysis of 91 

— • physiology ... 92 

presence in aU snimal 

fluids and solids . . .92 

— - —-^ its share in the meta- 
morphosis of tissues, &c. . .92 

— — * various opinions as to 

the amount required as a con- 
diment .... 93-4 

— — —— influence on nutrition » 9ft 

its supposed part in cell 

development .... 96 
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Sodium, chloride of, influence on 

excretion of urea .96 
proportion excreted by 



the kidneys .... 

pathology 

diminution in urine in 

pneumonia, fevers, &c. 
diminution in choleraic 

urine 

as a remedy . 

Solids (urinary). See Urine. 
Specific gravity of human urine . 
Staedeler, inosite in disease . 

tyrosin in atrophy 

and Frerichs, urea in mus- 



cles 



96 
96 

97 

98 
98 

12 
173 
208 

47 
48 



Starch, effect in diminishing urea 

transformation into sugar 

in the alimentary canal . . 228 
Stimulants, effects in exciting 

diabetes .... 252-66 
Stockris, urea formed from uric 

acid in the body . .67 

Stone. See Calculi. 
Sugar, formed in the blood of the 

camivora 224 

variation of its amount in 

the circulation . . 226-7 

the liver, the sugar-forming 

organ in the camivora . 225 

amount in the liver compara- 
tively unaltered . . . 227 

not burned off in the lungs 

213,233 

its disappearance in the 

capillaries for nutritive pur- 
poses 234 

animal, food the principal 

source of 223 

influence of food on . 227 

uses of . . . .233 

origin of nerve force 

controlling its secretion . . 235 
——effect in diminishing urea . 48 
the two vegetable types of, 

cane and grape sugar . 214 

—^ their essoitial analogues, 

milk and liver sugar . . 216 
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Sugar, as food, gradual disrelish 

for 236 

as food, in diabetes . 256 

fatness of negroes during 

sugar harvest .... 234 

See Urine (saocharine), Diabetes. 

diabetic, and salt, compound 

cnrstalsof 222 

Sulphates, their chemiatry^ phy- 

aiology^ and pathology •. 151,167 



chemistry 

quantitative analysis . 

physiology 

pathology 

Sulphur, large amount of. 



in 



187 
167 
168 
169 

181 



cystin . . . • 
Sulphuric add, its amount in the 

urine, chiefly from food . 168-fl 
Sun8troke,temperature of urine in 16 
Sutherland,increase of phosphates 

in urine during paroxysm of 

mania 135 

Syphilis, inosite in . . . 174 



T. 

Taste of human urine ... 9 
Tea, diminishes uric acid forma- 
tion 83 

Temperature of body, relation of 

ureato 60 

of urine 16 

Tetanus', idiopathic, temperature 

of urine in 16 

Therapeutics, chemical, value in 

disease of urinary organs . . 190 
chemical, obstacles to the 

spread of .... 193-4 
Thudichum, organic adds and 

bases of urine . . .26 
hippuric add increased by 

diet of plums .... 88 

excretion of creatin . . 176 

sugar-formation in liver . 233 

Tiedemann and Gmelin, starch 

turned to sugar in alimentary 

canal 211 
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Todd, diabetic urine in a case of 

fall on the head .247 

To^ hereditariness of cystin . 167 
TorulfB or fungi in diabetic urine 

218-19 
Tumours, cystic, cholesterin in . 180 
Typhoid, increase of urea in . 49 
Tyrosin, chemistry . . . 206 

crystals of, from urine, in 

chronic atrophy of liver . . 206 

&c., murexide reaction of . 63 

physiology .... 207 

a inoduct of the decomposi- 
tion of nitrogenised matter . 207 

pathology .... 207 

in kidneys, &c., in acute 

ydlow atrophy .... 207 

its relations to leucjn . . 209 

spiculated balls of, from 

a case of acute atrophy of 

liver 208 

its clinical significance . . 205 



U. 

TJrsemia and ursemic poisoning . 65 

remedies and treatment . 55 

case of 107 

tartarised antimony in . 348 

Uranic oxide, solution for pre- 

dpitating phosphoric add . 128 
Urates, more frequently urate of 

soda than of ammonia . 67 

as a sign of disease . 68-70 

of soda. See Soda. 

lire, benzoic transformed into 



hippuric add in the body 
Urea, its cfiemistry^ physiologyy 
and pathology f ammonoemia and 

urcemia 

chemistry of . 



88 



41 
41 
57 



quantitative analysis of 

formed by decomposition of 

uric add . . . . 47, 67 

physiological relations . . 43 

in the blood .... 44 

in chyle and lymph . . 44 
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XJ^ea, table showing rdatdvely 
more in infants than in adults 

table showing effects of food 

on its elimination 

augmented by nitrogenised, 



44 



45 



and diminished by non-nitro- 
genised foods .... 

— the imited product of ail 
nitrogenised effete matter 

— the last product in the retro- 
grade metamorphosis of nitro- 
genised tissues . . . . 

— influence of other than 
animal foods (coffee, salt, &c.) 
on its excretion . 

— diminished by starch and fat 

— its elimination not stopped 
by starvation .... 

— pathology o/ . . • . 

— increase of in febrile diseases 
increase in epilepsy, and de- 



crease in idiocy . 

— inpyaamia . . . . 

— relation to temperature of 
body 

— increase in diabetes 
excess of, in diabetes, from 



49 



47 



166 



48 

48 

46 
49 
49 

60 
60 

60 
60 

264 

61 

62 

62 
62 



decomposition of protein . 

— decrease before gout and 
asthma, and in cholera . 

— arrested elimination of in 
albuminuria .... 

— excess of, in the blood, in 
Bright's disease 

— in yellow fever 

— remedies for controlling ita 
formation, &c 

— method o/ estimating its amount 

— method of estimating its 
amount in albimiinuria, diabe- 
tes, and mucus . 60-1 

— use of a knowledge of its 
daily excretion in prognosis . 66 

— nitrate of . . .42 

— oxalate of, from human 
urine 43 

— crystals of, from himian 



66 
67 



urine 165 



PAGE 

Uric acid, its chemistry ^ physiology ^ 
and pathology^ its presence and 
significance in disease^ dec. . . 62 

chemistry of . . . .62 

tests for .... 63 

quantitative analysis of . 64 

relative proportion to urea, 



ItoSO .... 

— physiology of . 

— from human mine 

— daily quantity passed 
health .... 

— absence 



in 



of, from urine of 



infants 

— excretion in winter double 



that in summer 

its origin in the tissues or 



66 

64 

6 

66 

66 

66 



circulation 66 



pathology of 
crystals of 



common forms of crystals of 

rare forms of crystals of 

crystals of, from senmi of 

blood in gout .... 
variations in 



m 



68 
70 
73 
74 

79 

71 
197 
71 
71 
71 
73 
76 

79 



excretion of, 

in different diseases . 

in brain disease . 

in excess in fevers 

in disease of the liver 

decrease in jaundice 

in disease of the lungs 

in disease of the kidneys 

decreased excretion of, 

gout 

decrease in yellow fever, 

diabetes, &c 79 

increase in convalescence 

after gout ..... bO 
means of eliminating from 

the blood 83 

remedies and foods which 

influence its excretion . 83-4 

remedies in excess of . .77 

remedies for diminishing 

formation of .83 

See CaZcuM (uric acid), (rrai;e/. 

Urinary deposits. See Gaiculiy 

Gravel. 
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Uru|i^.t^^ m* an ^id to the diagno' 

»ia and treatment of local and 

wnMl^utiimal dlaeasea . 

to physiology, &c. 

$olid. m. ^ 

liquid , . w 

of difl'erent aiiinal« 

hufnan, its coloixr , • 

its^mell 

iU taste • 

— ' reactioii of . 

*— ♦- specific gravity of 



•— temperature of 

— ^wuttiiy of 
. — — — : daily excretion , 

...^ influence of the drink 

<)• 

influence of food on 

Influence of cutaneous 

Qod pulmonary fodwlation . 

its dependence also on 

the time retained in the'bladder 
_^ influence of the stools 

— _- influence of sex and 



age 



influence of disease, 



1 
. 1 
'8 
6 
6 
7 
8 
9 
9 
12 
15 
16 
17 

IS 

18 

20 

21 
22 

22 



and remedies .... 23 

— constituraits of . . il 

— changes in its composition in- 
duced by foody drinks medicinej 
and disease 26 

— normal, organic and inor- 
ganic acids, and bases of the 
solids of 25 

— normal, no spontaneous de- 
-poeat in, within twenty-four 
hours 26 

— different speciflc gravity of 
the three kinds passed in the 
day 30 

— analysis of, in a case of 
gout 80 

in albuminuria of 

pregnancy 317 

— flow of, in cases of concus- 
sion of brain, &c. . . 248 

— increaEcd flow of, in diabetes 

267-8 
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Urine, iron, anormal oonstitaent 
of human ..... 841-2 

solids off physiological and 

pathological conditions influ- 
encing excretion of . . .27 

comparative of French, 

English, and Gtermaa adult 
males, and causes of the 
variations .... 27-8 

influence of age and 

sexon 30 



iafluenee of pr^|>- 



nancy on 

influence of disease on 

of increase of. 



case 



from disease . . . . 

increase of, in diabetes 

effect of remedies on . 

> reduction by narcotics. 



&c. 



increase by digitalis, 



32 
33 

34 
86 
35 

35 



atH]i>ine, &c 36 

— L — -. determination of Uie 
water and solids in . . .38 



— pigment of, Vogel's scale of 
different shades (referred to) 

— colouring matter. Bee £7ro- 



104 



hcematin. 
— colonrfng matter of, more 

from vegetable than animal 

food 106 

— sometimes normally coloured 

in disease (eases) . . lOS-9 

. 112 



i — blue and green 

— illustrations of changes in 
colouring matter of . . . 116 

— colours of from remedies not 
to be conf oimded with those 
from disease .... 118 

— brown and black . . , 118 

— phosphorescent at emission . 135 

— albuminous, after injection 

of water into tiie blood . 29 

— alkaline, cause of its muddy 
appearance .... 127 

— test for the chlorides in . 91 

— chylous, associated with dia- 
betes 274 
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Urine, hippuric acid from . . 7 

saocharinei caused by aspa- 

ragoB diet . . . . • 255 

tests f oTyspeoiflc gravity, 

I)otaah, copper, and fermenta- 
tion 215-18 

means of artificially 

inducing .... 243-4 

ratio of sugar to urea 

in 264 

See Diabetes Mellitus. 

uric add from ... 6 

on the presence of ino«tt«, 

ereatin and creatininf eholesterinj 
eystinf zantfttn, leucine and tyro" 

sin in 170 

Uonous odour of sweat and 

breath 885 

Uroblliverdin, a large ssurce 
of pigment in urine, in jaun- 
dice 106 

Urohaematin, and the abnormal 
pigments met Vfith in urine : their 
diniceU sign^eanoe and treat- 
ment 99 

— its importance to the clinical 
physician 99 

chemistry of . . . .99 

or colouring matter of urine ; 

its discovery by Scherer and 
Harley .... lOO-l 
its appearance and proper- 
ties 101 

its preparation . . IQSi 

quantitative analysis . . 108 

physiology of . . . . 104 

pathology of . . . . 106 

in chlorosis .... 107 

inhjrsteria .... 109 

in diphtheria, &c. . .111 

large quantity of, in appa- 
rently pale urine (oases) . 106-11 

various results of adds on, 

according to its amount of oxi- 
dation 110 

use of preparations of iron 

and zinc in excess of . . 112 
cases in which diminished . 112 
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Uroheematnria in brain andspinal 
disease .... 109-10 

case (T. C. JadESon) . 110 

XJxoli^digo, or blue urohmmatin 

117-18 

TJroxhnthin, colours of unn^ ^e 
to * . . ' > 100 



- v. • / 

Valentin, urine of a horse fed fjA" 
com and hay . .19 

Vauquelin, colouring matter (tf 
urine 99 

Vegetable kingdom, its producta 

. modifications of those of the 
animal kingdom . 114 

Vraitride, fourth, injury toy a 
causa of diabebes . 246, 249, 273 

Verdeil. See Robin. 

Verdeil and Marcet, ereatin in 
blood 176 

Vogel, on excess of urine over 
fluid drunk .18 

increase of urea in tjrphoid 49 

urea in pyaemia .60 

colouring matter of urine . 99 

colouring matter of urine, 

scale of (referred to) . 104 

reduction of phosphoric add 

in pneumonia .... 132 

xanthin in enlarged is^leen 

andatrophy of liver. . .200 

and Neubauer, hourly 

measuremrait of urinary excre- 
tion 16 

Voit, urea 45 

diminished urea from usa of 

sugar 48 



Water, mode of determination of, 
and of solids in urine . 88 

increase of excretion of urea 

from 48 
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Water, drinking, injurioiu cha- 
racter of lime in, in oxalate acid 
diathesifl 166 

Wataon, case of polydipfda . . 248 

Weiasmann, excess of hippnric 
add in normal urine . 87 

Wiederhold, excretion by the 
lungs of oiganic and inorganic 
substances 21 

Wilks, leudn in urine in atrophy 
of liver 204 

Williams (D.)» case of excess of 
urohaematin .... 110 

Willis, (T.), discovery of diabetes 
mellitus in 1674 . . 211 

Wuhler, uric acid in urine of 
Buckiag calves .... 66 

Wollaston, cystin calculus, from 
urethra 194 

Wurtz, urea from chyle, &c. . 44 



X. 

Xanthin, as a urinary dei)osit, 
and as calculi . .198 
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Xanthin, chemistry tif . .198 

physiology of . . . . 199 

a normal constituent of uxine 199 

closely allied to guanin . 199 

pathology of . . . . 200 

abundant in urine of spiders 200 

diseases in which met witii . 200 

crystalliiitfdepoeitof innxine 200 

crystals of from human luine 201 

See Calculi. 



T. 

Yellow fever,urea in the blood, in 52-3 
decreased excretion of uric 

acid in 79 

Yellow pigment in the blood . 116 
Y^owly, cystin stone with uric 

addnudeua .... 188 



Z. 

Zinc, preparation of, in excess of 
urohsematin . .112 
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